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,Pm«eof SY31-0245-0 

Jfcevtoed April* 1971 

By TKt>SN31-0318 

Preface 



This manual explains the operation of the IBM 5203 
Printer Attachment. ^ 

Other manuals needed to understand and service the 
printer attachment are: 

• The IBM Maintenance Library 5203 Printer A ttach- 
mentfor System/3: Diagrams, SY3 1-Q240. 
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• The IBM-52Q2. Printer, Field Engineering Theory 
of Operation Manual, SY33-1 045. 

/• The IBM 5&03 Printer, Field Engineering . 
Maintenance Manual, SY33-1 046 

• The IBM 5410 Central Processing Unit, Field 
Engineering Theory of Operation Manual, 
SY3W2Q7. 

• The IBM Maintenance Library 5410 Processing Unit 
for System/ 3: Diagrams, SY3 1-0202. 

• The IBM 5410 Central Processing Unit. Field 
Engineering Maintenance Manual, SY3 1 -0244. 

For machine characteristics, refer to the IBM System) '3 
Installation Manual - Physical Planning, GA2 1 4)164. 



F^uppiementNo^N3?-031^iatec^ 

w 

Summary of Amendments 

*/ ^-— — "~" 
Information about the 5203 Model 3 theory is included in this TNL. Also, this TNL updates Jot title 
to: IBM Maintenance Library 5203 Printer A ttachment for System/ 3: Theory ojDpertfion. 



First EdWott 

Some illustrations m this manual have a code number in the lower corner. This is*' 
publishing control number and is not related to the subject matter. ^ 

Changes tie continually made to the specifications herein; any such change win be reported 
in subsequent revision i or technical newsletters. 

A Reader's Comment Form is at the back of this publication. If the form hasj 
comments may be addressed to^BM Corporation, Product hib'ttcjtlomrlfepcrtment 245, 
Rochester, Minnesota S590L r t ^ -- ~~ *■ 

© Copyright internatterial BustaesrMachines Oorporation 1 969 
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Chapter 1. Introduction 



The IBM 5203 Printer Attachment provides a meWis for 
the attached.5203 PrinteVto use the facilities of"tr%IBM s 
5410 Central Processing Unit (CPU) to communicate with / 
main storage. The attachment provides the communication 
lines between the printer and the CPU and controls the 
transfer of a)l information between th/; two (Figure 1-1). 
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"The attachment circuitry is MST-1 logic, physically located 
on gate A, board B 1 in the 54 1 CPU. T^ control inter- 
face lines between the attachment board and the electronics 
board are SLD- 100 levels. Conversion to MST occurs at the 
attachment board. ' 

The communications path between the CPU and the printer 
attachment is through the I/O channel. Using this channel, 
data and control information is transferred from the CPU. 
and status is sent tq the CPU under control of stored pro- I 
gram instructions. 

During the process of exchanging information, the printer 
and CPU operate together in multiplexer mode. This 
nt**ans the information transfer takes place between CPU, 
cycles on a priority Bfcis with other devices. 



By means of a fixed-cycle steal priority, I/O cycles may be 
interleaved between any two CPU cycles to Jetch or store 
data to and from the attachment. The 5203 Printer Attach- 
ment may be granted as many as three 1/0 cycles in a row. 



5203 LINE PRINTER 

'x 

• The 5203 Line Printer has 96, 120, or 1 32 print 

"-positions. 

t 

i 

• Four print positions are served by one print hammer. 

• The printer has four mechanical print positions per 
print line. 

• The printer uses a type chain that travels at a constant 
speed. ' v 



• The printer has a paper-handling tapeless carriage. 



Performs/arithmetic and 
logical functions. 



Controls the transmission of data' between 
the 5203. the CPU", and main CPU storage 
through the I/O channel. • 
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The Printer 



The standard printer has 96 print positions, with a 100 
LPM throughput, and a paper-handling tapeless carriage 
controlled by the attachment. Features available are 
200 and 300 LPM throughput, 120 print positions, 132 
print positions, a dual feed carriage, and a universal char- 
acter set. This manual describes the 132-position printer 
unless otherwise stated. 
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The printer uses a 240-character type chain. A set of 48 

irttcters repeated five times on the chain permits the 
iateXtkroughput on the 100, 200, and 300 LPM models. 

► A uruveraal character set (UCS) of 1 20 characters repeated 
twice on the chain results in reduced throughput. The 
standard prober uses 24 hammers spaced four print posi- 
tions apart. Tnefour positions are called the four mechan- 
ical positions MNM4. The hammers are held in one M 
position until all 48\haracters are optioned to print. Then 
they are cam driven to\over the other three print positions 
('hammer shift clutch' linVtp printer) under control of 
the attachment. With the\jGS feature, the hammers are 
held in one position until end df line is detected by the 
attachment. The chain travels at a constant speed and is 
not stopped during printing. This means that a character 

ii impressed as well as rubbed off on the form. -** 

The printer supplies' timed pulses to the attachment. One 
of these pulses is the home pulse which marks the beginning 

> of each character set. Following the home pulse, another 
pulse is sen* when character- 1 is aligned with print position 
1. This is the first subscan pulse. With a 48-character set, 
144 subscan pulses are sent before the next home pulse 
occurs; this means that three subscan pulses are sent for 
each character. The home pulse, in conjunction with the 
character set and subscan pulses, allows the attachment to 

• trace each character in relation to optionedjpositipns. 




Carrjaga 

The carriage is a tapeless device controlled by the printer 
attachment circuitry. Forms movement is synchronized 
to the print line by the carriage emitter which generates 1 a 
pulse for each line of print. 

Before starting a print operation, the number of printable 
lines used is loaded into a carriage forms length register. 
Carriage motion, space or skip,, is determined by the start 
I/O instruction. 



Printer Timing Davie* 

Jhe printer informs the using system about all mechanical 
motions that the system must take- into consideration to 
exert logical control. The printer indicates the chain slug 
alignments (options to print), and mechanical position 
(M position). There are four basic timing devices. These 
are: ~. 

1. The incrementer emitter. * 

2. The chain emitter. C~) 

3. The UCS emitter (UCS feature). 

4. The carriage emitter. 

-The actual timing devices are magnetic emitters, (chain, 
UCS, and carriage), and a photo cell (incrementer emitter). 
The magnetic emitters consist bf transducers which sense 
that a timing slot, or steel .tip passes by. 



Incrementer Emitter ' 

The incrementer uses a slot wheel that exposes or covers 

a light source as the incrementer rotates. A photo cell ' 
\ opposite the light generates a pulse each time the light beam 

hits the photo cell. These pulses are sent to a counter in 
- the attachment to determine the mechanical position of the 

hammer unit. 



Chain Emitter 

.The chain is driven by a three-phase synchronous motor 
via gtiifi and a cog belt (Figure l-2)Fr. A 13- One of the gear 
shafts bears the chain timing drum. This drum is divided 
into 144 evenly spaced slots. A 145th slot resides between 
the 144th and the first slot; this 145th slot represents the 
home pulse. 

The gear ratjp is such that the chain timing drum completes 
five revolutions foreach chain revolution. This means the- 
hcnjne pulse appears before each of the five (standard 48) 
charaeter h sets and each home pulse is then.followed by 
subscan pulses. There are 1 44 subscan pulses: three sub- 
* scartsSue required to offer one character Jo each print 
position and, since the basic character set consists of 48 
different characters, we have 48 x 3 = 144 subscans per 
character s$t. 
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If this pulse scheme is examined independent of character 
sets, it is obvious there are three subscan pulses for every 
character on the chain; the chain is composed of 240 
character positions. The chain drum performs five revolu- 
tions for each chain revolution (for each passihg of 240 
characters), so it generates five times 144 subscan pulses 
which results in 72Q subscan pulses. Dividing these 720 
subscan pulses by 240 characters results- m three pulses per 
character as required; however, the five borne pulses are 

used as stlchpnly with the standard character set. 
.- * 

i *• 

Emitter (UCS Feature) \ 



Whenever any type of UCSchain is installed on the printer j 
an additional chain drum is installed; this "drum" consists j 
of a^ear driven shaft with a steel tip attached (UCS emitter); 
This steel tip rotates 6-tirnes petxhain revolut ion ( Figure 
1-2) supplying 6 UCS home pujses. One chain emitter 
pulse and one UCS home purse coincide once per chain 
revolution and this pulse is recognized as the home pulse. 
A microswitch activated by a stud on the UCS cartridge 
indicates to the attachment that single home pulses must 
be ignored because a UCS chain is installed. 



Carriage Emitter 




Any character set larger than 48 different characters is 
defined as a unjversal character set (UCS). The size of the 
set may #|>ry from 49 to 1 20 different characters per set, 
with some graphics repeated until a 1 20 - character" set is 
defined.. # "\ 



A carriage emitter pulse is generated during every carriage 
operation as each printable line is passed. The attachment 
counts the number of pulses and stops the carriage clutch 
as required. 



UCS Transducer 



Chain Keywev 




UCS Emitter " 



Chain Motor Shift 



Chain Transducer 



tog Wheel 



Emitter Slots 



Chain Timing Oram 
(•miner) 



I icure 1-2 Chain and UCS I muter 
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6203 PRINCIPLES OF CHAIN PRINTING 

• One print cycle consists of 4 mechanical positions (M 
positions) for printing orlrline. , 

• The printer attachment option* 1 32 print positions in 
one print cy cle ( 1 32 position feature). v 

• The printer has 33 print hammers (132 position feature). 

" • A hammer bar moves the hammers to M 1 positions 1 , 2, 
3, and 4. • 

• The printer attachment options 33 hammers to ajl 48 
characters to fire in one M position. 

• The printer attachment options 33 print, positions 
(addresses) to print in one M position. 

• A subscan is the time required to option one-third of 
the hammers (11) with 11 print positions. 

• A scan is the time required to option all 33 hammers . 
with 33 print positions (three subscans). 

• SO scans option 48 characters for one M position. The 
last 2 scans are for checking. 

• The UCS feature needs 121 or fewer scans. 



Theory 

Like many chain printer?, the distance between one type 
slug on the chain and Hs adjacent slug is*50% ^0.0005" 
greater than between adjacent print positions (Figure 1-3). 
This arrangement offers these combined advantages: 



Because of sequential alignment, simultaneous prid- 
ing in adjacent positions is avoided. 
Sufficient" compare time is available to determine 
whether or not a hammer should be fired.. 



1. 

2. 



Because we have a continuously moving-type chain, we 
need some means qf determining when to fire a particular 
hammer to print the proper character. Using Figure 1-4 rV. A15 
as reference, observe the relationship between the moving 
type chain and the print-hammer positions. The figure i 
shows' the character A aligned with print position 1 . In , ^^ 
the 5203, if the character A is aliped to print in print 
position one, arriia^ra>i position 1^ is the next ch aracter 
aligned to print. Betweenthe Aalignmentjmathef ahfcn- 
ment, the chain will travel 0.004 ipch. On Models 1 and 
2, this makes 3 1 microseconds available to determine 
whether or not a hammer should be fired. The time is 
decreased to 19.39 microseconds on the Model 3. 



Incrementw arid Hammer Alignment 

The following is a description of hammer incrementing and 
aligning that applies to the 5203 Printer (four-position 
hammer unit) with 132 print positions and 33 hammers. 

Home position after power-on or error-reset operation 
places the hammers in the extreme right position of the 
incrementer (M4). 

The print operation begins with hammer 1 facing print 
position 4, hammer 2 facing print position 8, hammer 3 
facing print position 1 2, etf. (Figure 1-4) Fr . A 1 5 'first, 
consider that 44 print positions become aligned during one 
. subscan (one third of the 132 print positions); 



Print Span 



Print. 
Position 
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Figure 1 -3 . . Actual Print Scan to Type Span Relationship 
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ligurc 1-4. 5203 Printing Sequence 
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Because there is only one hammer for every 4 print posi- 
tions, only 1 1 of the 44 print positions that become aligned 
can be optioned to print during each subscan. In one print 
scan, 33 print positions are optioned to print. A print scan 
^must be taken for each character in the particular cRaracter 
^pt being used For example, if the character set contains 
48 characters, 48 print scans (144 subscans) must be taken 
to option each of the 33 print positions. Optioning each of 
the 33 print positions that face a hammer to every charac- 
l ter in the character set, is called an increment scan. The 
*- initial increment scan with the hammers in .rnedwnical 
position 4 (M4) is called increment scan 4. At the end of 
increment scan 4, the hammers are decremented (moved 
left one print position) so that hammer 1 faces print posi- 
tion 3, hammer 2 faces print<^osition 7, hammer 3 faces 
print position 3-3 , etc. . The hammers are now facing a * 
•second group of 33 print positions. Again, a print scan is 
taken for each character in the character set. JThis sequence 
is called increment scan 3. 



* <• f 

; • At the end of increment scan 3, the hammers are decre- 
mented so that hammer 1 flees print position 2, hammer 
2 faces print position 6, hammer 3 faces print position 10, 
etc. The hammers are now facing a third group of 33 print 
positions. Again, a print scan is taken for each character in 
v the character set. This sequence is called increment scan 2. 



Finally, "the hammers are decremented so that hammer 1 
faces print position 1, hammer 2 faces print position S, 
hammer 3/aces print position 9, etc. When the print scans 
are complete for increment scan 1 , all of the 1 32 print 
positions have been optioned to print every character in 
the character set, and a print line is complete. ' 



If the 200 or 300 LPM feature is installed, the sequence 
for the nfext print line is similar, but the increment scans" 
are reversed. Because hammer 1 was fadng"print position 
1 at the end of the previous print line, the nexYprint line 
starts with increment scan 1. then meremertH<?ans 2, >, 
and 4, and another print line is complete. Because hammer 
1 is facing position,4, this print line will start with increment 
scan 4. When increment scan 4 is complete, the hammers 
are decremented so that hammer 1 faces print position 3, 
hammer 2 fates print position 7, etc. Increment scan 3 is 
followed by increment scan 2, which, in turn, is followed - 
by increment scan 1. For increment scan 1, hammer 1 is 
again facing print position^- Thus, printing of the lines 
alternates between a progression (1, 2, 3, 4) and a regres- 
—mnC{A,%2, 1) of the increment scans. 



If the printer and attachment are 100 LPft, the hammers 
are returned to M position 4, after printing in M position 1 . 
This is done before a new print line is started. Increment 
scans will always regress (4, 3, 2, 1). ^ 

It is now apparent that 4 increment scans are required for 
one. complete line of print. Using a character set of 48 
characters, 192 print scans (576 subscans) are required to 
print one line. A position in the print line is printed only 
when the hammer faces the position and the correct char- 
acter is aligned. 



Subscans 

•For this explanation of subscans, assume a 200 line-per- 
minute printer with 132 positions (33 hammers) and assume 
that the hammer unit is at position Ml. 

i 

Subscan 1 starts wtyn any chain character (in this case an 
A) is aligned with j#int position 1 (Figure l-4)Fr. A 15 0t does 
not matter which cifartcter starts scan 1, because all char- 
acters become aligned with print position 1 .) Subscan 1 
lasts until the next character on the chain is aligned with 
print position 2. puring subscan 1, the first alignment 
occurs at print position 1, the next alignment occurs at 
the third position (counting from 1) which is print position 
4, and so forth. Thus, the alignment progresses through 
the following print'positions: 1, 4, 7, 10, 13, 16, 19, 22, . 
25, etc. Figure 1 -*4Fr. A15 shows that hammers are allocated 
to print positkmsj 1, 5, 9, 13, 17, 21, 15, £9, etc. Note that - 
the alignment is useful only for positions l', 1 3,.25, 37, etc. 
ending with position 121 during subscan 1. This means » 
that of the 44 theoretical alignments to print that occur 
during subscan 1 , only 1 1 useful options to print occur. 
Three subscans provide 33 options to print. This, can be 
seen by examining the next subscan in detail. During sub- 
scan 2, chain Characters are aligned with print positions 
2, 5, 8, 1 1 , 1 4, 1 7, etc. (with every third position). Ag*n, 
only 1 1 print positions (5, 17, 29, 41 and every subsequent 
1 2th position) are aligned while hammers are in position 
for printing. >., r 

By now, the scanning scheme should be apparent ; three 
■ subscans are required to. offer a single character to 33 print 
positions. Since three subscans make up one print'-Jcan, 48 
print scans are required to offer each character contained 
in a 48 character set to the 33 prinrpositions. For. this , 
feason, 48 pr^t scans ftr more with UCS feature>are % 
termed one increment scan, <Jr M position. To print an* 
entire 1 32/position print line requires 4 increment scans = 
192 print scans = 576 subscans (based on a 48 character 
*et). 
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Our explanation started with the hammer unit at position 
Ml ; note that the first 48 print scans (the first increment 
scan) occurred without cam motion. The clutch now 
unlocks the cam and the hammer bar begins to move until 
the next M position, M2, is reached. This lasts long enough 
to allow the next 48 print scans. After three positions have 
passed, the right home position (M4) is reached, and forms 
movement can be initiated. Then, the same action occurs 
right to left. It can now be seen thai the printer must 
signal the attachment (1) when a useful option to print 
exists (the PSS chain emitter), and (2) when the hammers 
have moved to the next M">position (increment emitter). 
The attachment can then tell the CPU to compare the 
chain character with the character in storage and decide 
whether or not to print. *. 



QByte » 

The second byte of each instruction is the Q byte. During 
the l-Q cycle, this byte is placed on the DBO lines at (Sock 
5 time. All attachments on the channel receive the Q byte 
and check its parity (correct parity is odd) for a)l I/O instruc- 
tions regardless of the condition of the I/O device or the 
device address pf the Q byte. 



Parity 



If an attachment finds the pari 
raises both 'I/O condition A' an 
clock 5 of the I-Q cycle. 



tflLti 

nT7/0 



the Q byte is even, it 
'/O condition B' at 




/ i. 



INSTRUCTION FORMAT 

I/O Instrucftior/iFormat 

The CPU stored program uses five I/O instructions to 
control the printer attachment: 

1. Start I/O * - 

2. Loadl/O 

3. Test 1/0 

4. Advance Program Level 

5. Sense I/O 

Op Code 



The first byte of each instruction is the op code. During 
the 1-OP cycle, the CPU decodes the op code and informs 
the printer attachment of the presence of the instruction. 
This information is sent to the attachment on the channel 
tag out lines 'SNS instr*, 'LIO instr', 'TIO instr'. and 'SIO 
instil. The channel uses the 'TIO instr' tag lines for both 
test I/O and advance program level instructions. 



Start I/O (SIO) Instruction 

• Three bytes make up the SIO instruction^ 

• The pIO instruction selects the line printer whenever the 
device address equals E (hexadecimal). 

• The SIO instruction can s«tectjjither the right or the 
left carriage. j Sj 

• 'The N field of the SIO instruction specifies one of the 
following operations: 

1. Space onry. 

2. Print and space. 

3. Skip only. 

4. Print and skip. *„ 

• Both carriages can operate simultaneously (with dual,, 
feed carriage feature installed), but a separate SIO 
instruction is required for each carriage. 
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The SIO instruction is composed-of -three bytes (Figure 
1-5). The first byte is the op oode, an F3 (hexadecimal). 
The second byte contains the device address (a hexadecimal ' 
E for the line printer), a primary or secondary modifier 
(M bit), and an N field. The third byte specifies carriage 
spacing. 



Q Byte Description 

Bits 0-3 specify the device addresiof the line printer. Bit 4 
is the M Held and specifies the carriage used-an M bit of 
specifies the left carriage, and an M bit of 1 specifies the 
right carriage, 



Won 

M 

light 



fiild 



If the'duaj feed carriage feature is not installed, an 
of 1 results in a processor check stop and the 1NV-Q 

comes on/ " * 



Bits 5*7 .hold the N'fiejd. Refer to Figure 1-5 for the- ...... 

N fii 'Id code. An invalid N field causes a processor check 
stojf , and causes the INV-Q lighf/ to come on. 

I. ' ■ 

Control Code ' ■. , ■ 

The control code specifies carriage spacing. A 0, 1, 2, or 3 
specifies the carriage to space 0, 1,2, or 3 "spaces, respecr 
tivply. A control code of 4 or"greater is accepted, but , 
results in a .space operation. 



.— _ — , . — 

Note: Bits 5-7 of the Q byte are' referred to as the N field. 

OpCode QCode * Control Code 

Byte 1 



h OpCode-F3 
SIO Instruction 




Device Address 
Equals 1110(E) for 
line printer 



M • 0-Select Left Carriage 
M- 1— Select Right Carriage 



Bits 

567 . . \ * 

Q O-Space Onjy ! 
001-lnvalid '. 

1 O-Print and Space 

01 1-lnvalid-, i ' 
1 Op-Skip Only 
1 1-lnvalkJ 
1 VO-Print and Skip 

1 1 1-lnvalid 1 



-r 



/' 



The control code specifies the, 
number of carriage lines to 
be spaced, or line to be 
specified to. 

♦it 

567 

- No Space (Note 1 ) 

00 It One Space 

TO - Two Spaces f> 

Oil- Three Spaces 

' For a skip operation, the control 
code specifies the binary equi- 
valent of the line to be skipped 
to. The caVriagt moves until the 
specified line 1* reached. 



Note- 1 : A control code of 4 or greater is 
.,--— " accepted, but results' in a no-space 
operation. 



Figure 
1-8* 



1-5. SIO Instruction Format 



Ate 



CONTINUED ON 
FRAME BO 1 



For a skip operation, the control code specifies the binary 
equivalent of the line to which the form must skip. The 
carriage moves the form until the specified line is reached. 
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The M field of the LIO is insignificant (that is, not 
necessary \o select a carriage). 

The N code of the LIO instruction is used to: „ > 



Parity and Error Conditions 



The SIO instruction must maintain odd parity. If even 
parity is detected by the attachment circuitry, a processor 
check stop occurs and the DBO parity light comes on. The 
attachment ignorerfhe instruction and sets a No-Op status 
bit if a device error exists when the. SIO instruction is 
received. Program interlock occurs whenever a printer busy 
condition is detected, or operator intervention is required 
as indicated by the I/O attention light. 



Load I/O (LIO) Instruction 



1 . Select the forms length register in the attachment . 

to be loaded; or 
2.. Select the LPIAR in the CPU for preloading, or 
3. \ Select the LPDAR in the CPU for preloading. 

The LIO instruction is composed of 3 bytes if the op code , 
indicates indexing, or 4 bytes if the op code indicates 
direct addressing (Figure 1-6). The first byte is the op code. 
The second byte contains the device address (a hexadecimal 
E for the printer), a primary or secondary modifier (M bit- 
not significant: for this instruction), and an N field. The 
third, or third and fourth, specifies one of the following: 




• Three or f*ur bytes make up the LIO instruction (direct 
addressing, 4 bytes; indexing, 3 bytes). ., 1- 

• The-LKHnstruction selects the line printer when the 2 V 
device address equals E (hexadecimal). 



The address of the storage location containing the 
forms length. 

The storage location of the data (address) to be placed 
in the selected LSR. 



Y 



■Op Code 
Bytel 



Q Code 
Byta2 



Storage Address Byte 3, 
or Bytes 3 pnd * ■' 




— — r-» 

1110 JM N Field 
I I 



~n — - 

Stontgef Address 



7 O 



Op Code 

31^-Direct Addressing- 
71 -Indexed by XR1 
Bl-lndexedby XR2 



— i — ' ■ f 

Bevice Address 
Equals 1110 (El for 
the line printer. 



M-0 

The M field is not 
used on a LIO. * 



3 4 5 



7 



15 



i 



N Field 




! — r 

Address contains:, i 

1. the address of the forms 
length or' 

2. the addresrof the data 
to be placed in the LSfl. 



Operation 



O-Load Forms Length 
01-lnvslld 

lb-Invalid . 
fffl-lnvslid 

1 OD-Select LPIAR 
101-lnvalld 
1 1 O-Select LPDAR 
1 1 1-lnvalid 



«- 



Figure 1-6. LIO Instruction Format 
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Q Byte Description 



Parity and Error Conditions 



Bits 0-3 specify the address of the line printer. Bit 4 is the 
M field and is not used for an LIO instruction. ' " 

Bits 5-7 are the N field. Refer to Figure 1-6 Fr. B01 for the 
N code. An invalid JN field causes a processor check stop, 
and causes the 1NV-Q light to come on. "" 



The LIO instruction is accepted only if the printer is not 
busy. A parity error detected t>y the attachment t esults in 
a processor check stop, and the DBO parity check light 
comes on. If the No-Op status bit-is on from a previous 
SIO instruction, the instruction is ignored by the attach- 
ment, f 



Storage Address Description 

The storage address portion contains the storage address of 
the 2-byte main storage field where information specified 
by the N field is located. If the N field specifies that the 
forms-length registers are to be loaded, ( 1) the data at the 
specified address is placed into the right-carriage forms 
length register (dual carriage feature) and (2) the data, at the 
specified address minus 1 is placed into the left-carriage 
forms langth register. If the N field specifies the preloading 
of the line printer data address register (LPDAR), the 
2-byte field specified is placed into the LPDAR. If the N 
field specifies preloading the line printer image address 
register (LPIAR), the 2-byte field specified is placed in the 
LP1AR. i 



LSRJMain Storage Areas - 

The core area addressed by the two address registers is as 
follows: 

• 48 character set image must be in the 48 bytes of core 
location XVOO through XV2F. 

• 1 20 character set image must be in the 1 20 bytes of core 
location XW0O through XW77. 

• Line printer data for 96 print positions must be in the 
96 bytes of xore location XX7C through XXDB. 

• Line printer data for 120 print positions must be in the 
1 20 bytes of core location XY7C through XYF3. 

• Line printer data for 132 print positions must be in the 
1 32 bytes of core location XZ7C through XZFF. 

• The addresses XV, XW, XX, XY, or XZ are assigned by 
th'e programmer and may or may not be the same. . 

#• ■ * / 
The line prirfter data field in core beginning at location 

XX7C corresponds character to character to the print line 

beginning at print position one. i ' 



Test I/O (TIO) Instruction 

• Three or four bytes make up the TIO instruction 
(direct addressing 4 bytes, indexing 3 bytes). 

• The TIO instruction selects the line printer when the 
device address equals E (hexadecimal). 

• Either the right or the left carriage is selected during 
fhe TIO instruction execution. 

• The N code of the TIO instruction specifies a test for 
one of the following: 

1 . Not ready. 

2. Print buffer busy. . .< 

3. Carriage busy. 

4. Printer busy. 

• ' ■ 

The TIO instruction is composed of three or four bytes 
(Figure 1-7) Fr . B03 The first byte is the op code. The second 
byte contains the device address (a hexadecimal E for the 
line printer), a primary or secondary modifier (M bit), and 
an N field. The third byte, or third and fourth bytes, 
contains the branch to address if the N field condition is 
met. / «. 



Q Byte Description •* 

Bits Jb-3 specify the data address of the line printer. Bit 4 
is the M field and specifies the carriage used. An M bit of 
specifies the left carriage, and an M bit of 1 specifies the 
right carriage. • . 

Bits 5-7 are the N field. Refer to Figure 1-7 Fr. B03°for the N 
field code. An invalid N field causes a processor cheqk stop, 
and. the INV-O light comes on. The N field contains the 
condition code that determines the test to be performed. - 



Stooge Address Description - - 

r . « i 

The storage address portion of the TIO instruction contains 
the branch'to address if the" condition tested for (as 
specified by the N field) is mef, . 
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Parity and Error Conditions 

^he TIO instruction must maintain odd parity. A parity 
error detected by the attachment results in ^processor 
check stop, and the DBO parity check light comes on. If 
the No-Op status bit is on from a previous LJO instruction, 
the instruction is ignored by the attachment. < 



Advance Program Level (APL) Instruction ; 

• Three bytes make up the APL instruction (byte 3 not 
used). » 

• The APL instruction selects the line printer whenever 
' the device address equals E (hexadecimal). 



EjtheJuthe right or the lefCcarriage js selected-during the 
APL~inl£ruction execution, m ■ 



ipecifies a test for 



The N code of the APL instruction 
one of the following: 

1. . Not ready. 

2. ' Pffnt buffer busy. 

3. s damage busy. 

4. " Printer busy. 



The ArJL instruction is used on machines that have the 
dual program feature installed. 



The format of the APL instruction is 
instruction. 




similar to the TIO 



OpCode 
Byte 1 



C 
D 




i L>v 



Q Code 
yte2 



Storage Address Byte -3, 
or Bytes 3 and-4 



M 



N Field 



Branch Address 



3 4 



7 3 4 



^ 


zn~ 




% 


OpCode:\ 

CI— Direct Addressing 
; D1-lndexedby XR1 
E1-lndexedby XR2 










* 


■ 






Device Address 
Equals 11 10(E) for 
■v Line Printer 


■•■ * * 










' 




M«0 Selects the left carriage. 
M=1 Selects the right carriage. 

The M bit is used only when 
testing for carriage busy. 


. . 



5 7 



Branch Address may be one 
or two bytes long. Branch 
to address if N f ielcj con- 
dition is met. 




N Field 

Bits Condition 

567 

0— Not Ready 

1 -Invalid 

1 O-Prfnt Buffer Busy 

01 1 -Invalid 

1 0— Carriage Busy 
1 1— Invalid 
1 1 0— Printer Busy 
1 1 1 -Invalid 



^ 



Figure 1-7. TIO Instruction Format 
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The APL instruction is composed, of three bytes (Figure 
1-8). The first byte is the op code, an Fl. (hexadecimal) 
for an APL instruction. The second byte contains the 
device address (a hexadecimal E for the line printer), a 
primary or secondary^modifier (M bit), and an N field. 
The third byte isnot used. 

If the Dual Program Feature js installed in the CPU, the 
APL instruction determines whether the program should 
proceed to the next sequential instruction or change levels. 



Storage Address Description 



The storage address portion of the APL instruction is not 
used; that is, it is ignored by both the CPU and the attach- 
ment. 



Q Byte Description 

Bits 0-3 specify the address of the line printer. Bit, 4 is the 
M field and specifies the carriage used. An M bit of 
specifies the left carriage, and an M bit of 1 specifies the 
right carriage. 

Bits 5-7 are the N field. Refer to Figure 1-8 for the N field 
code. An invalid N field causes a processor check stop and 
the INV-Q light comes on. The N field contains the condi- 
tion code that determines the test to b% performed. 



Parity and Error Conditions 

Odd parity must be maintained in the APL instruction. 
A parity error detected by the attachment results in a 
processor check stop, and the DBO parity check light 
comes on. If the Nc-Op status bit is onfjtfm a previous' 
APL instruction, the instruction is ignqred by* the attach- 
ment, * 

, . -*< ' . \ 
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M=0 Selects the left car gage. 
M=1 Selects the right carriage. 
The M bit is used only when 
testing for carriage busy. 
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Sense I/O (SNS) Instruction 

• Three or four bytes make up the SNS instruction 
(direct addressing 4 bytes, indexing, 3 bytes). 

• The SN^jnstruction selects the line printer whenever 
the devfce address equals E (hexadecTrr ,x 




• The*M field of the SNS instruction is insigWicant (that 
is, not necessary to select a carriage). 

• The N code of the SNS instruction is decoded to obtain 
the following sense information: .. 

1. Right or left carriage line location. ' 

2. The increment factor of the LPDAR. 



13. The value in the chain character counter. 

:4. Printer timing bytes. 

5. Printer check- status bytes, 

6. LPIAR or LPDAR high or low order bytes. 

The SNS instruction can be used at s any time, whether 
the printer or attachment is busy or not. 



The SNS instruction is composed of three or four bytes 
(Figure 1-9). The first byte is the op code. The second 
byte contains the device address (a hexadecimal E for the 
line printer), a primary or secondary modifier (M bit-not 
significant for this instruction), and an N field. The third, 
or third and fourth bytes, contains the address of the stor- 
age area in which sense bytes will be stored. 

! • t 



D 



Op Code 
Byte 1 


QCode 
Byte 2 


* Storage Address Byte 3. 
or Bytes 3 and 4 


3 1 

7 " 

B 1 


1110 


M 


N Field 


1 ' 
Storage Address 

"I 



3 4 



7 3 4 5 7 



Op Code • 

30— Direct Addressing 
70-lndexedby XR1 
BO-lndexedby XR2 



Device Address 
Equals 1110(E) 
-for line printer. 



The M field is for 
a SNS instruction. 



70 



Storage Address- can be one ^ 
byte or two bytes in length 
(direct addressed, or indexed). 
The-two sense bytes are stored 
in the specified address and 
the specified address minus 
one. 




Figure 1-9. SNS Instruction Format 
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Q Byte Description 

■•» . 

Bits 0-3 specify the data address of the line printer. Bit 4 
(M field) is not used for an SNS instruction. 

Bits 5-7 are the N field. Refer to Figure l-9Fr. B05 for Jhe 
N field cede. Art invalid N field causes a processor check stop, 
apd the INV-Q light comes on. 



Bit 1 : Print start SS-incrementer emitter pulse 
indicating rammers are positioned to print 
in new dwell. The SNS bit is not latched. 

Bit 2: Left or right carriage clutch- indicates that 
one or both of the clutch controls are active 
in the attachment. The SNS bit is not 
latched. 



Storage Address Description , 

The storage address portion of the instruction contains the 
storage address of the 2-byte field in main storage where 
the sense information specified by the N field is to be stored. 
Byte 1 is stored at the storage address specified. Byte 2 
is stored at the storage address specified minus 1 . 



"Hie following is a/breakdown of each byte specified by the 
N 1 field: , 



A? Code &• 000-Carriage print line location. This* instruc- 
tipn should be preceded by a,TIO for busy to ensure that 
the carriage location sensed is static. s 



A 1 Code 1: 001 -These bytes are provided for MTAP 
diagnostics. 

Byte 1 -When not printing, this is the value of the chain 
character counter indicating the character in print 
position one. 

When printing, this is the value of the chain 
character counter indicating the character in the 
next print position being addressed. 

Note: Because the chain character counter is being 
advanced asynchronously to'the SNS instruction, an SlNS 
made at the time the chain character counter is in transition 
from one counMo another may result in an invalid count. 

Byte 2-Thjs indicates the binary amount to add to or 
suhtract from the LPDAR when printing. 



Bits 3-5: These bits correspond to the first, second, 
and third print cycle steals respectively. 
The bits are latched and reset with the SNS 
instruction, 
t 
Bit 6: Hammer set pulse— timing pulse which turns 
the hammer driver latches on. The bit is* 
latched and reset with the SNS instruction. 



Bit 



7: Right shift 
that senses 
extreme ri; 
latched, 



] osition-oulput ofreed relay 
vhen the Hammer uriif( is in the 
gjit position. The SNS bit is not 



Byte 2 Bit 0: Left or right carriage emitter— indicates the 
forms havejmoved from one print line to the 
'next print Jine for each emitter pulse. The 
SNS bit is hot latched 

fljit 1: .Execute rirint latch-defines the execution 
time of tne print instruction. The [SNS bit 
. is not latched. 



Bit 2: Chain eihitter includes home APfe. Chain 
emitterinilse has been received from the 
printer indicating alignment to print. The 
bjt is latched and reset with the SNS instruc- 
tion. 



Bit 3: PSSljpulse-this is the first of three su Iscans 
in any given print scan. The SNS bit is! not 
latched. 

«./ 

Bit 4,: Print time-indicates chain synchronizition 
with the instruction. The SNS bit is npt 
latched. 

Bit 5: CE sense bit-not latched. 



N Code 2: 0/0-Priflter timing. These bytes are provided 
for MTAP diagnostics. * < 

Byte 1 Bit 0: Hammer increment clutch— indicates clutch » 
control is active in the attacrimeot. The 
SNS bit is not latched. 



"-Bit 6: Mechanical position one-hammer unjit is at 
leftmost mechanical position. The S^JS bit 
is not latched. 

Bit 7: Home gate-indicates the end of a character' 
set on the chain installed. The SNS) bit is 
not latched. 
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N Code 3: 01 1 -Printer check status. These bytes arelfor 
program interrogation. The SNS bits are latched and reset 
by pressing 1 he printer start key or the system check rejset 
key, unless < itherwise noted. 

Byte 1 Bit C : Chain sync check-indicates the loss of 

synchronization between the chain and ti 
\ chain character counter. 

Bit 1 : | Incrementer sync check-indicates t 
of synchronization between the incr 
and the mechanical position counter 



Bit 2 



Bit 




Thermal check-indicajtes.excessive temp 
ture in the hammer area. The SNS bit is i 
latched. 



Bits 3 and 4: "Not used. 

Bit 5 : 4§chajacter set chain-indicates that the 
standard 48 character set chain is installed. 
The SMS bit is not latched. 

Bit 6: Unprintable character -indicates that an 

unprintable character exists in the print data , 
area. The SNS bit is latched and reset with j 
each new SIO print instruction. 

Bit 7: CE sense bit-this bit can be temporarily 

wired at the board level to monitor availahle 
signals. The SNS bit is not latched. 



it 4r CE sense bit latched-this bit can be tempor- 
arily wired at the hoard level to monitor 
available signals. 



Bit V 5: 



Hammer echd check— indicates improper 
response of hammer driver during print time. 



Bit 6: Any hammer on check-indicates a hammer 
or the check "circuit is defective, when not in 
print time. , 

Bit 7: No-Op— indicates that the instruction was 
^ accepted but not execute&because of an 
error. This condition is resw^ith an SNS 
instruction. 



N Code 4: 1 00-Selects the LPI AR (selects the LSR used 
as the line printer image address register). 

N Code 5: 101 -Invalid. 

NCode 6: 11 0-Selects the LPDAR (selects the LSR used 
as the line printer data address register]). 



NCode 7: ///-Invalid. 




Byte 2 Bit 0: Carriage sync check -indicates loss of syn- 
chronization between the forms line, and 
the carriage line'counter. This condition 
occurs as a result of a missing carriage emitter 
pulse. ! 



Parity and Error Conditions 

■ \ • 

The SNS instruction which is accepted at all times by the 

printer attachment 



Bitl: Carriage space check indicates that the 

carriage has moved farther than the command 
specified. This condition occurs as, a result 
of an extra chain emitter pulse. 



Parity and Error Conditions 



Bit 2: Forms janv check - 
feeding properly. 



indicates paper is not 



Bit 3: Incrementer failure check-indicates the\ 

hammer incrementing unit failed to respond 
when the clutch control was-activated. • 



The SNS instruction, which is accepted at all times by the 
printer attachment, mi^t maintain odd parity. A parity 
error detected by the atkachmtftt results in a processor 
check stop, and the QBO parity check light comes on. If 
the no-op status bit is on from a* previous SNS instruction, 
the attachment ignores the current instruction. 
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Chapter 2. Functional Units 



Section 1. Printer 



\ 



DATA BUS OUT REGISTER 

• The data bus out! 



r{T5BO) register 



has nine flip latches. 



• All print data from the CPU enters the attachment 
through the data bus but register setting the appropriate 
flip latches. 

• The latches remain set if there is a parity error, so the 
CE can owerve the contents of the register. 

• Data from the data bus out register loads the data regis- 
ter, carriage space-skip registe?, carriage forms length 
register, Q register, and the hammer address register. 
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Circuit Objectives 

/Refer to f EMD 4-015 and Figure 2-1, The DBQ register ' 
output follows the input. The latches remain set if a parity 
check occurs so the CE can observe the contents of the 
register. «. 



DATA REGISTERS 1 AND 2 




ers sample the DBO register to store and 
steal data. 



• The data registftehave a total of eleven flip latches 

(eight for storing aSjata character and three for decoding). 



-y- 
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Figure 21 . DBO and Data Register 
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On print cycle steal zero: 

1 . Data register 2 stores the main storage* address of 
the first data character to lie optioned for printing. 

2. Data register 2 preloads the hammer address 
registerwith the same data character address. 

On print cycle steal one:, 

1 . Data register 2 stores a data character from the 
main storage location addressed by the LPDAR. 

2. Data register 1 decodes it to see if it is a bhmk 
(hexadecimal 40) or data. • 

On print cycle steal two: 



During PCO, the data register accepts the main storage 
address of the character that is going to be optioned first 
for printing. The data register latches are set by 'load data 
reg 2' at 'sample DBO cl 3*. At cloche 4, the data address is 
loaded into the hammer address register. 

During PCI, the data character to be optioned for printing 
is loaded into the data register. Data register latches are set 
by 'load data reg 2' at 'sample DBO ql 5'. At the same time, 
the data character is decoded to see if it is a blank character 
(hexadecimal 40). If it decodes as a hexadecimal 40, the 
'no data' data register latch is set. Setting this latch activates 
'pc group end' and no more print cycles are taken. If any 
code other than a hexadecimal 40 is decoded, the 'no data' 
latch does not set and PC2 will be requested. 



Data register 2 places the data character in the 
data bus in (DBl) assembler. 
Data register 1 decodes the results of ALU subtrac- 
tion 'to check fqj£ print compare (no bits active). 



Circuit Objectives 

RefeT to FEMD 4-015 and Figure 2-1 Fr. BIO The data 
register flip latches are set by the outputs of the datal>us 
ourflip latches and by activating the 'load data reg 1/or 
'load data reg 2' lines. * 



During PC2, the data character is put into the DW assembler 
at 'pc2 • cl 1 * and taken to the A register in the CPU. An 
image character, addressed by the LPIAR, is subtracted in . 
the ALU from the A-rejister qharacter and the results are 
"returned to the data register. At 'sample DBO cl 5' the 
!Jqad data reg 1' line is activated to decode the results of 
This subtractian. If all the returning data bits are inactive, 
tHe 'pornpare' latch in the data register sets and 'print com- 
pare' becornes active. If any of the returning data bits are 
active, the 'compare' latch will not be set and 'pc group end' 
will become active, and no more cycle steals will be taken. 

If the 'compare' Utch was set, PC3 occurs and the character 
is printed. * 
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Q REGISTER 

• Consists pf a six-position Q register, a four-position status 
register, arid a Q byte decode. ,...-*^"^ 

• The six-position Q register samples the DBO register to 
determine the contents of the Q byte of the instruction. 

• The four-position status register records whether or not 
(1) the left carriage is busy, (2) the right carriage is busy, 
(3) the print buffer is busy, and (4) tjje printer is ready 
at the time the Q register is loaded. 



V 



• The Q byte decode decodes the outputs of the*Q register 
and the status register. * 

The Q register (Figure 2-2) Fr. B13 decodes the instruction 
Q byte to determine printer s status and to select the 
appropriate printer response 1 . 



During the 1-Q cycle, the Q register samples the Q byte 
data stored in the DBO register. The printer DA. bits are 
decoded and recorded as one bit in the Q register. 

The status register is also sampled during the I-Q cycle. 
Conditions checked for are left carriage busy, right carriage 
busy, print buffer busy, and printer ready. The outputs of 
the Q register and the status register are decoded to deter- 
mine the channel condition (A or B) and the appropriate 
select or sense lines are activated in the attachment. 



Circuit Objective* 

Refer to FEMD 4-020. At sample DBO clock 5 time of an 
I-Q cycle, 'sample Q byte' is activated. With this line active, 
the contents of both the Q register and status register are 
sampled and decoded. The appropriate select, sense, and 
condition lines are activated in the Q byte decide circuits. 
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Figure.2-2. Q Register and Decode 
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SENSE BIT ASSEMBLER 

• The SNS bit assembler contains the status of the printer 
attachment logic. 

• The SNS bits are placed in the DBI assembler and sent 
„ to the CPU on E-B cycles. 

"*" 

The sense bit assembler (Figure 2-3) gates the status cfahe 
printer attachment logic circuitry. This status information 
is available at any time an SNS instruction is received by the 
printer. The SNS is accepted by the attachment whether or 
not the printer is busy. The status is decoded into DBI SNS 
bits, placed in the DBI assembler, and sent to the CPU. 



Circuit Objectives 

Refer to FEMD 4-025 through 44)45. 
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Figure 2-3. Sense Bit Assembler 
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DATA BUS IN ASSEMBLER 

. • The data bus in (DBI) assembler consists/f eight latches. 
These latches are encoded to' combine the data SNS bits 
that, are sent to the CPU into' separate data bytes. 

■ I 
• A)l data bytes sent to {he CPU pass through the DBI 
assembler. For example: 



— etrcuit Objective* 

* See .Figure 2-4. Data lines entering the DBI assembler are 
gated to set the appropriate flip latches. Upon activating 
/ thejcharinel gate line, the channel DBI lines are made active. 

,. -• ■■ ■■*-• 
Refer to FEMD 4-050 through 4-060. 



1. Sense bits._ < 

2. Dati register bits. 

3. LPDAR increment bitsi 

4. LPDAR preload bits. ! 

5. Carriage, line bits. 
6: CC shift bits. 
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Figure. 2-4. Data Bus In Assembler 
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CYCLE STEAL COUNTER 



Circuit Objectives 



The cycle .steal counter has two triggers that -determine the 
proper print cycle steal latch (PCO through PQJ). 



The print cycle steal counter ensures that th| correct 
sequence of cycle steals is maintained. Print cycle steals 
occur in groups of 3, 2, or 1 , depending on the attachment, 
detecting one of the following conditions: 

1. Change of mechanical position. 

2: Data found. 

3. .Data not found. 

4. Print compare. 

5. No print compare. 



The triggers in the cycle steal counter keep track of which 
cycle steal is in process and which one should be next. The 
counter turns on the print cycle latches (PCO, PCI, PC2, 
and PC3), Refer to Figure 2-5. 



Bath cyc]e steal triggers are reset iff by (not) 'execute 
print' when (because of a change irtM position) the next 
cycle steal taken will be PCO. Durujg clock 4 of PCO, 
trigger .1 is turned on to ensure tha/the next cycle steal 
taken will be PCI. The same sequence is repeated for PC 2 
and PC3, if requested. At the end of a PC group, 'PC group 
end' is brought up at clock 7 to turn trigger 1 on and turn 
trigger 2 off. This starts the next group otcycle steals, 
starting with PCI. This sequence is repeated until the next 
change in mechanical position. 

Refer to FEMD 4-070. 



PRINT SUBSCAN COUNTER 

• The print subscan counter is a three-position trigger 
ring that identifies the print subscan in process. 

• A chain emitter pulse from the printer advances the 
print subscan counter. 
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v The print operation is divided into four increment print 
scans (one in each of the four mechanical print ftosi^ons). 
Each increment print scan has SO print scans. Each 
scan is further divided into three subscans. The print sub- 
scan trigger ring (Figure 2-fy identifies the subscan in 
jcess. Each ring poatjon corresponds to one of the 
three^-subscans of a prist scan. At the start of any subscan, 
the trigger^Hjje identifies which of the first three print posi- 
tions has a typ^wray character aligned with it. When the 
attachment receivesa v -prjnt subscan (PSS) emitter pulse 
from the printer, the subscaq ring advances. The PSS pulses 
are generated from a magnetic emitter in conjunction with 
a drum with fo4 equally-spaced sloft-around its circum- 
ference. A pulse is generated by each slot-to identify the 



start of each subscan within the print line. An additional 
slot (145th) is located halfway between the 144th slot and 
the first slot. The 145th slot (home pulse) identifies the 
next emitter pulse as representing the first character on the 
cRawi. The first emitter pulse after the home pulse indicates 
that a character is aligned with print position one. 



Circuit Objective* 

Refer to FEMD 4-080. The PSS counter ring is advanced 
by '320 Ns Chain emitter' arrd(not) '300 micro S home 
gate'. The PSS counter ring is reset by 'reset CC\ 
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Figure 2-6. PSS Counter 



BI7 



5203 I ETOM Attachment (12/69) 2-9 



MECHANICAL POSITION COUNTER 

• The mechanical position counter (M counter) has six 
triggers. 

• The triggers are advanced by the 'print start' singlfeshot 
at the completion of each mechanical print position 
change in the printer. 

_• M counter output is decoded to determine the mechan- 
ical position (M position) ofthe incrementer -cam. 

• M counter output is decoded along with the print sub- 
,scan to determine the inittahjjation value ofthe four-bit 
shift register (see "Chain Characfer-Ceunter"), and 
develop hammer cWk times, . 

• The M position is "decoded to determine what bit struc- 
Un^tobejpreloaded into the LPDAR in order to 
detjanfiinethe first print position to be optioned for 
printing. 



The mechanical posjtion counter (M counter) keeps track 
of the mechanical position (M position) of the incrementer 
. cam. Every time the M position (Ml througji M4) of the 
incrementer cam is changed, the print start emitte* generates 
a pulse to advance the M counter triggers (Figure~2-7) r 



Circuit Objectives 

Refer to FEMD 4-085. The 100 line per minute machines 
print in one direction (M4-M 1)! The M counter is advanced 
by 'print start ss\ The output of the counter triggers is 
decoded into M positions. ' 

Jointing always starts in M4 ori a 100 line per minute 
rriacftme. At the end of the print line, the incrementer cam 
moves the liantmec.unit from Ml to M4 in preparation for 
the next print line. ~~^-^ 
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S^ANUOUNTER 

Note; The following description of the scan counter is for 
the standard 48 character set only. For information about 
the scan counter for UCS machines, refer to "Chapter 4. 
Universal Character Set." 

• The scan cqli|ter is a six-stage binary counter. 

• Triggers are reset off after printing. 

i ■ . . . 

• A CC sjlift at the start of print subscan one (PSS1) 
advances the counter. , 

• The/scan counter reaching 45, or 42 on a Model 3, 



#. 



decodes a signal to pick the carriage clutch. 

"0ie scan counter reaching 50 signals the end of printing 
lor that mechanical position. ■« 




*J The^mcounter reaching 57 picks the incrementer 
J clutchTfA count of 57 is reached only for the first line 
• / *Pf printing in the last M position on a single space 
/ operation or for every line -in the last M position on a 
/ double or triple space operation.) 
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Scan counter triggers (Figure 2-8) Fr. C03 are reset off after 
' a print operation. During a print operation, the counter is 
advanced every PSS1 pulse. The outputs of this counter 
indicate when (during a print operation) the carriage.operation 

is to be started, when the incrementer clutch is to be picked, 

and signal the end of printing. 



Circuit Objective* 

Refer to FEMD 4-090. The binary scan counter is advanced 
by activating 'cc shift' every PSS1 pulse with 'print time' 
active. i 

Scan counter outputs are decoded to develop pulses that 
control the carriage and incrementer clutches, and to deter- 
mine the end 6f printing for that increment scan. 



CHAIN CHARACTER COUNTER 

The chain character" counter (Figure 2-9)Fr. C03 which 
consists of the following four units working together as a 
single functioning unit, indicates which chain character is 
properly aligned for printing: 

1^ Character counter, 

2. 7-bit shift register, 

3. 4-bit shift register, and 

4. Adder. 



Character Coumer 

The character counter (CC) is a seven-bit binary counter. 
It indicates which chain character is aligned with print 
position 1. . • 

The characterjcouflteTfriggers are reset to their on state at 
ime (145th slot on the chain timing drum) by 'reset 
CC. "*' 



7-Bit Shift Register, 4-Bit Shift Register, Adder 

These three components act as a single sub-unit within the 
chain character counter. A character count increment 
preload value is derived by adding a decode of the M posi- 
tion to the PSS counter value. Each chain enjitter pulse 
gates the character counter value into the 7-bjt shift register 
and prelbads the character count increment value into the 
4-bit shift register. (This always, occurs, whether or not a 
print operation is in process.) The preload value, when* 
added to the 7-bit shift register,, indicates which chain * 
character is aligned with the first print position to be 
optioned in a subscan. 

During print operations, the print cycle latch is turned on 
a* Jhe start of the first subscan. This gates seven shift 
pulsk to the 7-bit shift register and to the 4-bit shift regis- 
ter. The low order positions of the 7-bit and 4-bit registers 
are shifted through the adder. The adder output is shifted, 
bit by bit (clock 1-7), back into the 7-bit shift register. At 
the end ef this shift operation, the 7-bit shift Register con- 
tains a factor equal to the low order byte of the address of 
the chain character that is aligned to print. 

The value stored in the 7-bit shift register is transferred to 
the LP1 AR at the beginning of the PC 1 s that fouSty (eleven 
in all for a subscan), the 'shift gate' latch allows seven shift 
pulses to the 7-bit and 4-bit shift registers. A value of 8 is 
loaded into the 4-bit shift register each time the 7-bit and 
4-bit register values are added together, adding 8 to the 
value accumulated in the 7-bit register. This modifies the^ 
7-bit register by +8 for each of the eleven PCJi^rrdresults 
in every eighth character being add 

The vaJu^-m-tTfe^-bjt shift register has no further use at 
f5e"end*of this print suBscao-Its value will be re-established 
by means of the CC value at'TntstarUjfthe following sub- 
scan. ""- 



The value in the character counter is used as a base for 
determining which chain characters are to be optioned 
during a print operation. The first CC shift pulse that . 
follows a home pulse advances the counter by a count of 
one, This turns all the character count triggers off. (The 
character counter, which runs continuously, is advanced by 
a count of one each PSS I time by the CC shift pulse.) 
Each time the character counter advances, its binary value 
equals the low order byte of the main storage chain image 
address; the addressedstorage location contains the charac- 
ter that is aligned with print position 1. . 



Circuit Objectives 

Refer to FEMD 4-095. 

*. 
The 7-bit shift register is modified: (1) before the first 

prim cycle steal of a subscan to initialize the CC shift 

register, and (2) during every print cycle steal one (PC 1). 

The shift register is initialized once and incremented by 

+8 eleven times (a total of twelve increments per subscan). 
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Figure 2-8. Scan Counter 



_£G*fiTft 


^ 




^„ 




>-~~ 




V 










Binary Counter tCC) 








~>- 


64 


32 | te | 8. | 4 | 


* \ 


1 





r^ 



Shift 



Adder 



r 



64 



32 



7 -Bit Shift Reottter 



16 



on 



X ToLPIA* on OBI (bit* 0-7) 



CC Increment 



4-Bit Shift Reamer 

8 | 4 J 2 T^—U 



V 



Adder 



I 



-i — 4- 



Figure 2-9. Chain Character Counter, and Modified Character Count 
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The character counter (CC) is advanced toy each PSS1 pulse 
that activates 'cc shift',. The output of the character counter 
rs parallel loaded into the 7-bit shift register with every 
'chain em ss w-o home' pulse. 

The advance j>ulse for the 7-bit register is a 'sliift' pulse. 
During an initial modification, the 'shift'^pulse is activated 
by 'ptr eye req' ANDed with 'chan'l early phase C\ and 
(not) 'clock 0'. TfiVshift pulse is activated once for each 
clock time (1-7) supplying seven shift pulses for each 
trigger in the register. During a iriodification in print cycle 
steal one, 'clock 0' and 'PCI' activate 'shift' instead of 'ptr 
eye req', by turning on the 'shift gate' latch. 

The 4-biUshift register is loaded with an increment value, 
which is derived from a decode of the mechanical position 
and the print subscan during an initializing operation. 
During an increment by +8, the eight trigger is turned on 
by 'clock 0' and 'PCI'. Thre same shift pulse that advances 
the 7-bit shift Register advances the 4-bit shift register. 



Overflow 

Overflow may or may not occur: 

J . Overflow occurs whenever the increment factor added- 
to the position of the character on the chain (40-47 
for a standard character set) results in the addressing 
of a character in the next set of characters on the 
chain. To be addressed correctly, this character must 
be referred to by its correct position on the chain. 
A 48-charactet set is repeated five times on a chain. 
Each of the 48 characters corresponds to one address 
in the LPIAR data area in main storage (address 
XXOO through XX2F hexadecimal). 

>To prevent the addressing of a character in the next 
character set on the chain (the address would be 
greater than 47), a decode of 40 through 47 out of 
the 7-bit shift register turns on the 'potential over- 
flow' latch. > . 



The adder adds the outputs of the two shift registers 
serially (bit by bit), low order bits first. Results of the 
adder are shifted.'bit by bit, back int6 the 7-bit shift 
register. Zeros are entered into the adder from the 4-bit 
shift register intq the last three positions to be added to 
the 7-bit register. 

The added value of the two shift registers is shifted through 
the 7-bit register. The resulting byte of data is passed 
through the DBJ assembler to be put on the channel to the 
LPIAR. 



The low Order positions of the 4-bit and 7-bit shift 
registers are shifted through the adder. The adder 
output is shifted, bit by bit (clock 1-7), back into the' 
7-bit shift register (any carries from the adder are 
placed in the 'carry' trigger and added the next shift 
pulse) At clock 4 time, the +8 trigger values of the 
4-bit and 7-bit shift registers are present at the adder 
input andihe result of the addition is present at the 
oufput of the adder. With the 'potential overflow' 
latch on, and no adder output, the 'overflow' trigger 
is gated on. Turning the 'overflow' trigger on holds 
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the high order trigger (trigger 64) reset for the next 
four shift pulses. This forces zeros to be entered in 
the four high order positions of the 7-bit register. 
For example, assume a 48-character set with the 7-bit 
register containing a value of 45 and the 4-bit register 
incrementing by +8: 



0101101 
1000 



(45) 
(+8) 



0110101 (53) 



(No adder output causes overflow 
"trigger to be set.) 



The 53 causes an overflow condition because the 
highest position addressed m a 48-character set is 47 
(0 is the first.character count onthe chain). The 
'•verflow' trigger is set, in this case, forcing zeros to 
be set into the four high order positions of the 7-bit 
shift register. 

0101101 (45) 
1000 (+8)*' 



0000101 (5) ' >. 

The 5 causes the fifth position of the next set of 
characters on the chain to be addressed. 

2. Overflow does not occur if the increment factor ,-" 
added to the position of the cliaractejjM^ttre'chairi 
(40 through^ for a standaid-etiafacter set) results 
in the addressjngof^characjer in the present charac- 
ter setWthe chain. To prevent addressing a character 

_^— -"'"in the next character set, a'decode of 40 through 47 



out of the 7-bit shift register turns on the 'potential 
overflow' latch." The low order positions of the ^-bit 
and 7-bit shift registers' are shifted through the adder. 
The adder output is shifted, bit by bit (clock 1-7), 
back into the 7-bit shift register (any carries from the ' 
adder are placed in the 'carry' trigger and added 
during the next shift pulse). At clock! 4 ti^je, the 8 
trigger of the 4-bit shift register and |he 8 trigger of 
of the 7-bit shift register values are present at the 
adder input and the result of the addition is present 
at the output of the adder. With the Wential 
overflow' latch on and an adder output, the 'overflow' 
trigger is not gated on. This allows the updated value 
to shift into the 7-bit shift register from the adder. 



For example, assume_a_48<tiaTacter set with the 7-bit 
shift register-cotitalning a value of 45 and the 4-bit 
ffregister incrementing by 2: (PSS counter and 
M counter give initialization factor tq,4-bit shift 
register). 




0101101 
0000010 



(45) 

(+2) 



0101111 (47> 



4 



yefflow' 



(Adder output causes "o> 
"trigger not to be set.) 



The 47 will not cauS?ajv overflow. The 'overflow' 
trigger will not be^seC The true value of the 7-bit 
shift register arfif the 4-bit shift register will be added 
in the adder and shifted into the 7 : bit shift register. 
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HAMMER CLOCK 



Hammar Clock 3 Time 



• The hammer clock is started by a chain emitter pulse. 

• The hammer clock furnishes timing pulses to tire the \ 
eleven hammers that are optioned during a subscan. 

• The hammer clock is preloaded in a manner that com- 
pensates for the variable-length mechanical delay in 
hammer-to-chain character alignment. 



1 . Develops a pulse to load the hammed address register. 

2. Turns off the 'lockout' trigger to allow print cycle 
steals. 

3. Clears one of four LSR words at thej 
subscan 1 , of print i 




The hammer clock (Figure 2-1 0)Fr. C07 isa modified binary Hammar Clock 4 Time 
counter. The clock, which runs only when it is being used, 
is preloaded and started by a chain emitter pulse. The clock 
then runs for 1 1 cycles (the duration of the subscan), 
optioning one hammer each clock cycle. 



The hammer clock is preloadjd^iid^jfed-to~oneof four 
hammer^cjo^iUimesrtcI^k,lT5;"3, or 4) from a decode of. 
I countex-andlir position counter. This happens 
r each hammer clock time is 7.75 microseconds 
, long, or 4.8S microseconds on Model 3, which equals 
0.001 inch of print chain movement. When a=chain emitter 
pulse iisreceiyed to start a subscan in the attachment, the 
character optioTieTHfc-nrint maybe O.OOf inah, 0J002 
inch, or 0.003 inch frdm being aligned. TherefOre,_the 
hammer clock must be preloaded to one of the four pos- 
sible starting points (Figure, 2J£)Fr . C07 <-■ 

" ' .-*■"'" • 

Each clock cy*cle consists of four hammer clock times. 



Gates readout of ^^tJbe4wttn^cJjeck-4aSRrThirtells 
wl«J^-o?35Qt4he4ialnmeTSiver being serviced was 

edon the previous subscan. « 
Clears one of the four LSR words at the start of sub- 
scan 1, print scan 1. 

Develops hammer set control pulses. The hammer 
set control pulse is the actual time that the hammer 
driver is optioned to be fired. Eleven of these pulses 
are generated' each print subscan (on a 132 print 
position printof). Therefore, during each print scan 
(that is, during three consecutive subscans), 33 
hammer set control pulses are generated and all 33 
hammers are optioned to be jQjedT , —*■ 



Hammer Clock 1 Time _ --^- 

1. Develops sample echo check pulses to sample whether 
-■ "' *dr not a hammer driver in the printer was fired. 

2. >Gates writing into the hammer check LSR, if this 

hammer driver being serviced is fired. 

3. Clears one of four LSR words at the beginning q{ 
subscan 1, of print scan 1. 



Hammer Clock 2 Time 

1. Clears one of four LSR words at the beginning of 
: subscan 1 , of print scan 1 . 

2. : Gates readout oj the Hammer Check LSR during 

reset time on Model 3-oiUy. This indicates whether 
the hammer should be reset in this scan or not. 



, Circuit Objectives 
Refer to FEMD 4-100. 



With the 'print time' trigger on and with the 'chain em ss 
w-o home' line ANDed with *osc T 160 ns*. the 'start hmr 
clock' latch is turned on. At the same time, the 'chain, em 
ssw-o home* line preloads hammer clock tr%gersT0 "and 11 
terthe value decoded from the PSS and the M position 
counter. The print chain and the hammer clock are now 
synchronized The hammer clock runs for 1 1 cycles (1 
subscan). When the last hammer driver is optioned to 
print, the 'hammer set control' pulse along with 'first 1 2 
prt pos' line turns on Ttir'stop hmr clock' latch. This resets 
the 'start hms clock' latch, and stops the hammer clock. 
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Figure 2-1 OJ Hammer (hock 
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R ADDRESS REGISTER 

hammer sradress register consists of six flip4atches 
store jtne address of the hammer to be fired. 

The hanuner address is decoded into the corresponding 
X and Viaddress Iines^--''' 

• TJp^fttiressed X and^V lines select the hammer latch in' 
>rinter and the hammer check LSR in the 
(achment. ., 

The hammer address register (Figure 2-11) stores the 
/ddress of the next print positim to be optioned for 
/printing. This address is decoded <o address the hammer 
just optioned. 



The address is decoded into one X address line and one Y 
address line. Output from the addressed lines is sent £1) to 
the printer to select the hammer to be fired, and (2) to the 
hammer check LSR to set a latch corresponding to the 
hammer to be fired. - 



Circuit Objectives , 

Refer to FEMD 4-1 10. 

Activating 'load HAR' loads the contents of the data regis- 
ter into the hammer address register 

The address is decoded and the correct hammer X and 
hammer Y address lir 



I ! 



HAR Set 



Data Reg Bit 



HAR Reset 



DatrRea Bit 1 



Load HAR 



Data Reg 
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Data Reg Bit 3 
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Hammer Address Y8-B 



Hammer Address XA 



Hammer Address XB 



Hammer Address XC 



Hammer Address XD 



Hammer Address XE 



Hammer Address XF 



Hammer Address X9 



Hammer Address X8 



Hammer Address X7 



Hammer Address YO-3 



Hammer Address Y4-7 



Hammer Address YC-F 



OR 



First 12 Prt Positions 



Figure 2-1 1 . Hammer Address Register 
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ICHECK LSR 

• The hammer ch£ek4£R«^>nsists of 36 LSR latches and 
9 flip latches. 

• Three LSR latches are not used/l!xh remaining LSR 
latch indicates whether or not a corresponding hammer 
has fired. 

• The flip latches hold 9 LSR latch outputs that are used 
for regenerating the LSR. 



• The LSR latches are arranged in a 4 x 9 matrix. 
) 

• The LSR output ('inhibit echo scan') prevents the 

checking of a hammer < 



has been reset. 

• The hammer address register and decoded address lines 
select the latch that corresponds to the hammer being* 
serviced. 

/ x . 

• The LSR is cleared at the^beginning of each mechanical 
position. 
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Until the hammer driver has been reset, the hammer cheeky ^V. 
LSR (Figure 2»U)Fr. C11 indicates that the hammer driver wri^ 
turipd'oir. When a hammer driver is fired during a print :* 

-sCan (print scan X), the attachment tries to determine, 
iuring-the next print scan (print scan X+l), whether or not 
thelra<nnieVdnver was turned off. However, dufjng this 
cycle, thelfemmer-driver is turning off and the echo-circuit 

•output is undefined because driver turn-ofTis refcatrvely"^--^ 
slow. Therefore, checking must be inhibited during this 
scan (print scan X+ 1 ). Inhibitlhg-this check is the hammer 
check LSR function. - """"^ 

'*"*---„ 

The hammer check LSR indicates that a hammer driver was 
turned off during print scan X+l. At print scan X+2 (after 
- the hamm er df Wef has had t i m e to torn off) the hammer 
driver is checked to determine whether or not it is off. 
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Figure 2-12. Hammer Check LSR 
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Circuit Objectives 

Refer to FEMD 4-1 20 and 4-1 25. 

The LSR latches are grouped in a 4 x 9 matrix. This pro- 
vides four, 9-position LSR words made of any combination 
of LSR latches (cells) being on 6r off. An LSR word can be 
written or read (Figure 2-1 2) Fr . C11 

When writing an LSR latch: 

1 . One of the four active hammer address Y lines (LSR 
select Y lines) becoming active selects one of the four 
9-celled LSR words. 

2. Any one of the nine active hammer address X (X data 
input) lines becoming active selects one of nine latches 
corresponding to the hammer being serviced. 

3. A write LSR pulse sets the gated latches. A write 
pulse serves all nine cells, but only the addressed 
cell is changed. 



When reading the LSR: 

1 . One of the four hammer address Y lines (LSR select 
Y lines) becoming active selects the LSR word and 
gates its output to the 9 flip latches. 

2. A read pulse sets the flip latches. 

When clearing the LSR: 

1. A read pulse with no Y select pulse resets the flip 
latches. This degates any data input lines. 

2. The hammer clock control trigger is off and print time 
is active. 

.3. A hammer clock cycle gates each one of the Y select 
lines. With 'print time' on and the 'LSR Ctrl' latch 
off, a write pulse in each of four hammer clock 
cycles resets all the LSR latches. 

The effective output of the hammer check LSR is the line, 
'inhibit echo scan'. With this line active, a hammer driver 
is not checked on the scan in which it is reset. 
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Section 2. Carriage 



CARRIAGE SPACE-SKIP REGISTER 

r 

• The carriage space-skip register consists of eight flip 
latches.- ' , 

' • It tells the carriage how many lines to space or the line 
to which the carriage should sk$. 

• The eight-position register is set to the control field of 
/ an SIO instruction. 

• Outputs are compared to the space counter to stop the 
printer carriage on a space operation. 

• Outputs are compared to the line counter to stop the . 
printer carriage on a skip -operation. 



The carriage space-skip register consists of eight flip latches 
(Figure 2-1 3). Seven latches ire for data, and the eighth 
indicates a carriage data parity error at the DBO register. 
The first seven; latches store the control field for either an i 
SIO carriage space instruction or an SIO carriage skip ■ 

instruction. This tells the carriage how many lines to space 
or slop. 



Circuit Objectives 

Refer to FEMD 4-210. 

During a channel 1-R cycle of a start I/O instruction, the 
carriage space-skip register is set at 'DBO clock 5* time. It 
is set to the contents of the DBO register, which contains 
the control field of the instruction. 
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Figure 2-1 3> Carriage Space-Skip Register 
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Space Operation 

On a space operation, bits six and seven can be set. Bit 7 
and not bit 6 equals single space. Bit 6 and not bit 7 equalt 
a double space. Bit 6 and 7 equal triple space. Not bit 6 
and not bit 7 equal zero space. A control code of four (any 
bit other than bit 6 or 7) is permitted, but results in a 
space zero operation. Bit 6 and 7 eft put is compared to 
the space counter to develop space stop, which, in turn, 
degates the carriage clutch. 



Skip Operation 

-*■ 

On a skip operation, bits 1 through 7 can be set to specify 
the binary equivalent of'any line, 1 through 112. The 
carriage skips until the specified line is reached, the out- 
puts of bits 1 through 7 are compared with the line counter 
to develop skip stop, which, in turn, degates the carriage 
clutch. 



CARRIAGE FORMS LENGTH REGISTER 

• The carriage forms length register consists of eight flip 
latches. 

• It tells the carriage the length of the forms to be printed. 

• The eight-position register is loaded with data from the 
storage location specified by the address portion of a 
load I/O instruction. 



The carriage forms length register consists of eight flit 
latches (Figure 2-14),Fr. C15 seven for data and on|to 
indicate a forms data parity error, at the DBO register. The 
first seven latches have stored in them the forms length, from 
the storage location specified in the address portion if a load 

I/O instruction. This tells the carriage the length off the forms i 

being used. 



Circuit Objective* 

Refer to FEMD 4-21 5. 

At 'sample DBO cl 5' time, during the E-B2 cycle ofjan 
LIO instruction, the carriage forms length register isjloaded 
with the contents of the DBO register. The output Is com- 
pared to the line counter on a manual restore operation. 
When they compare equal, the next verified carriage 1 emitter 
pulse degates the carriage clutch and sets the line counter 
to one. The data in the forms length register remains a 
constant value until altered by another load I/O instruction. 
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CARRIAGE LINE COUNTER 

■> 

• The line counted consists o^jevea binary triggers. 

- a " * - 

«s ' '' ■; 

• The counter accumulates the nurrjber of lines' printed, . . 
.spaced, and skipped. • - . . r : / *. 



compared tofsee if they are equal to the carriage <pfce-skip 
register on a/skip ovation, or equal to the forms length 
register 6nj manuarrestore operation, to stop the carriage. 
When the* Contents of the line counter equals that of the 
forms length register, the next verified ettutter putyferesets 
the line -counter to on*. 



• The counter triggers are reset on. 

.• The counter advances a value of onrfor every carriage 
v emitter pulse'. '" 

.* 

The line counter (Figure 2-1 5) Fr. C17V7-position , tnodified 

' binary counter, accumulatefthe number of carriage lines 
spaced or skipped on each form. The counter contents r aife';- 



tetivea. 

Refer tq^EMD 4-220. 

v .* ■ 

gTheline counter triggers are all reset op (Figure 2-1 5). <. 
' This gives an output decode of one. The counter is 
advanced by.ofke as each carriage emitter pulse is sensed. 
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CARRIAGE SPACE COUNTER 

*• The carriage space counter consists of two binary 
triggers. ' * ' 

• The counter accumulates .the number of lines spaced. 

The carriage space counter accumulates a total of the lines 
spaced on a carriage space operation. The two-position 
counter is reset on (£ value of 3) when the carriage stpps 
after anyKarriage operation. On a space operation (space 
1 , 2, 3), the counter advances by a count of one for each 
carriage emitter pulse: As the counter is advanced it is • 
compared to the carriage space-skip register (spaces to be 
skipped). When equal, the space stop line becomes active, 
degating the carriage clutch (Figure 2-16) Fr. D01 



Circuit Objectives 

Refer to FEMD 5-215. 

The counter is reset on at the end qf anycarriage operation. 
The carriage emitter advances the counter by a count of 
one as each line is spaced. On a space operation, the space 
counter outputs are ANDed v/ith the carriage space-skip 
register bits 6 and 7 to generate a carriage stop. 



SPACE CHECK COUNTER 

• The space check counter consists of two binary triggers. 

• The counter is reset on at the end of a carriage operation. 



he counter is used to detect a carriage runaway condi- 



tion. 



• The couftter records how many t ipies, the first-line of a 
form is passed in one-carriage operation. • 

The space check counter is used to detect a carriage nin- 
aw]»y^coiulilicaL(Fj^gurej.2-17)Fr. 001 -Every tftne line 1 is sensed 
ami the carriage clutch remains picked, the counter advances, 
on: count. Two advances cause a carriage space check 
indication. For example, if the forms length is indicated 
in the forms length agister as 40 lines and an SIO is to skip 
to line 50, a carriage runaway condition would result 
because of the carriage searching continuously for line50. 
TJie space check counter prevents this because each tone 
line 1 of a form is sensed, the space check counter advances 
by one. If the counter advances twice (line 1 passesiwice 
in one carriage operation), the 'space count' latch is turned 
on. The 'space count' latch going on fesets the 'carriage 
space' and the 'carriage skip' latches. This degates the . 
carriage clutch, stops carriage motion, stops the carriage 
runaway condition, and sets the carriage space, check SNS 
tit. 



Circuit Objectives 

Refer to FEMb 5-2L5. 

The 'carrel' line going inactive from a previous operation 
sets the Space check counter. As 'L line-Ws^activated 
(passing line, one ori a form), the counter is awaTised one/ 
If 'L line 1' is activated a second time and the 'cari^V' 
ljne remained active, the space counter trigger #2 turns 
cjff. Trigger #2 output ANDed with 'carr cl' turns on the 
'ipace count' latch. This resets the 'space' latch, the 'skip' 
litch, and sets the carriage space check SNS bit. 
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CARRIAGE OSCILLATOR v 

• .The oscillator converts a 1 60 nanosecond input to a 
49.92 microsecond output. 

• The outputs: • 

1. Drive the emitter generate counter and carriage 
moving counter. "" . \ " m 

2. Step the home gate singleshot reset ring. 

The carriage oscillator converts the 160 ns owillator pulses 
from the CPU to 49.92 us. pulses, and uses them to drive 
the emitter generate counter, drive the carriage mqving 
counter, and step the reset ring forjhe 'home gate* single- 
shot' (Figure 2-J 8) Fr . D03, 

*■ - * 

The carriage oscillator consists of 1 2 binary triggers stepped 
as a modified binary counter, 4 AND circuits, 1 latch, and 
1 inverter. TheNQScillator runs continually with system 
power up (free running). 



• It degates any false emitter pulse (noise) for approxi- _— 
mately 5 ms after the carriage clutch is picked. 

• It is used for every carriage operation (space, skip, 
restore). 

'""'.'■' 

The carriage moving counter is a 9-position modified binary 
counter (Figure 2-1 9^Fr. D03 All triggers are reset on. The 
counter, starts when the" carriage clutch is picked. The r 

counter degates any carriage emitter pulse from being sensed ' 
by the emitter generate circuits fdr approximately 5 ms 
after the carriage clutch is picked. It is then reset by a : - 
verified emitter pulse and starts to count out. The verified 
emitter pulse is gated to the carriage controls. If the counter 
is allowed to continue counting (no emitter pulse to reset 
it because the carriage clutch has latched up), the counter 
continues counting for approximately 1 2 ms and resets 
the 'carriage moving' latch. This time allows the forms to ' 
settle down before printing- the next line. 



Circuit Objectives 

Refer to FEMD 4-220. 

The line 'osc T 1 60 ns' from CPU is fed ungated to the 
carriage oscillator counter. The counter runs continuously 
and gives a 49.92 us. output line called 'osc T 49.92 us.';^ 

CARRIAGE MOVING COUNTER > - * . ^ 



• The carriage moving counter consists of nine binary 
triggers. 

/ ' _ 

• It presents printing fo^l 2 ms after a carriage operation. 



Circuit Objectives- 

v Refer to FEMD 4-220. 

The counter triggers (Figure, 2-1 9)Fr . D03 are reset on by 'start 
reset-sys ck reset', or 'carriage moving*, or *verified can em', 
ANDed with 'reset control'. Jhe counter is stepped by the 
carriage 'osc T 49.92 us.' pulse ANDed with 'carriage 

' moving'. It counts to 5 ms and turns on the 'accept emitter' 
latch. If there is an emitter pulse (carriage moving from one 

,hne to another), the counter is reset by 'verified carr em'. 
If the carriage clutchJatches up, the counter continues 
until trigger #14 is turned off (1 2 ms). Trigger #14 off 
ANDed with 'verified carr em' inactive turns off the 
'carriage moving' latch. The 'carriage moving'line becom- 
ing inactive resets the carriage moving counter. 
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EMITTER GENERATE COUNTER 

•v The emitler generate counter consjsts of three binary 
triggers. 

• The counter: 



1. 

2. 



Ignores a false carriage emitter pulse. 
Generates a pulse detection gate to look for an~ 
extra emitter pulse." 
Generates a verified carriage emitter pulse. 



On every carriage operation, the emitter generate counVer" 
, ( 1) receives a carriage emitter pulse from 0.5 ms to 1 ms in 
duration, (2) checks to see if it is an actual emitter pulse 
and not noise (an extraneous signal ort the carriage emitter 
line of a duration less than 25 us.), (3) delays it for 0.125 
ms, and (4) then converts it to a verified emitter pulse 25 
us. in duration. The verified emitter pulse steps the space 
control and line counters. „ <^ 

The emitter generate counter consists of three binary 
triggers. During^arrfage operation, approximately 5 ms 
after the carriage clutch is picked, a pulse on the carriage 



ter line and a carriage oscillator pulse step th* counter 
"" the pulse on the carriage emitter Jine becomes 
inactivVwitha count of one, the emitter pulse is considered 
to be a TOise^uTsc-arjid the counter is reset (Figure 2-20, 
assert A).\If the counterls-allowed to continue to. count 
to 1 on, 2 off, and 3 on, the ou^pDts-ptovide a gate to the 
extra emitterNdetection circuit (Figure 2^0fifuert b). • As 
the counter continues to count to 1 off, 2 off, 3 i 
output generates a verifiedcarriage emitter pulse (Figure 

\ 



""2*2) insert C). 



Circuit Objectives 
Refer to FEMD 4-220. 



The 'accept emitter' line active ANDed with 'carr«m* turns 
on the'emitter unverified-' Jatch.^Trte s einitter unverified' 
latchactive ANDed' with carriage oscillator pulses advances 
the emitter«nerate counter. A counter output 'of not 1, 
2, and 3AN^^wjth 'carr em' not active resets the 'emitter 
unverified' UtcTTandt^e-ejrutter generate counter (false 
ernitterpulse). The otheTT6seJis4he 'res em gen' line 
active, which is the normal resetTFigules2r20), 
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Chapter 3. Principles of Operation 



This chapter describes the electrical operatioa of the IBM 
-52Q3 Printer Attachment. References are made throughout 
the chapter to the maintenance diagrams in the Field 
Engineering Maintenance Diagram manual (FEMD). All 
logic names used in the circuit descriptions appear as they 
do in the maintenance diagrams. 

The following description of the print operation has been 
divided^into the chronological sequence of events needed 
to print one liije of information. The "Print Operation" 
flowchart in the Field Engineering Maintenance, Diagrams 
manual, shows the entire print operation. Use-lhis flowchart 
with this text to,better understand the print operation. 



PRINT OPERATION 

Before printing, three load I/O and one start I/O instruction 
^rnust be given (one start I/O instruction is needed for each 
line to be printed). The three load I/O instructions given are: 

- H ^ t 

1. Load the main storage address of the chain image into 
the LPIAR inflie^PU. . 

2. Load the main storage^a4dressof.thc data to be 
printed iito the LPDAR in the-CPU. 

X Load the forms length into the forms length register 
in the printer attachment. 

When the chain image has been loaded into main storage^ 
and the data to be printed has been assembled in the 4 line 
printer data area of main storage, the start I/O instruction 
is given. This instruction contains the carriage information 
and initiates the print operation. 

After the start I/O instruction has been initiated, priftf 
. cycle steals occur. You must thoroughly understand print 
cycles to understand the print operation. 

Print Cycle Steals 

* ■ :* 

• The I/O cycles for-the printer attachment are print 
* cycle; steals. ' 

Each print cycle steal is an individually requested I/O 
cycle. 



During the I/O cycle, normal CPU processing is sus- 
pended temporarily and, the attachment controls the 
CPU registers, main storage, and the ALU. 

The printer attachment uses four different types of , 
I/O .cycles (print cycle steals) to generate a line of print. 



Print cycle steals are individual CPU cycles requested by 
the attachment. During these cycles the CPU registers, 
main storage>and the ALU are controlled by the attach- 
ment circuitry. PrirTt-cycJes occur in groups of three or 
fewer with an initial cycleltfcaKPCO) taken each time^ 
the mechanical (M) position of theiftcrementer cam is 
changed. 



Cycle steals must bejequestedindividually and are sequen- 
tial, PCI through PC3. Adeyjce of higher priority can take 
intervening cycle steals withouTaffectjng the sequence of 
print cycle steals. 



A print cycle group end occurs when the last cycle steal of 
a particular print cycle group is completed. A print cycle * 
,group ends after one cycle steal i( the character in the Data 
Register is a blank, after two cycle steals if the character in 
the Data Register is not a compare, or after three cycle 
steate4£the character is printed. 



Initial Cycle Steal (PCO) 

• Request a print cycle steal. 

♦ Take print cycle steal zero (PCO) to preload the low 
order byte of the LPDAR with the address of the first 
print position to be optioned in an M position. 

After receiving the start I/O instruction from the CPU, the 
printer attachment requests a cycle steal (PCO) to preload 
the low order byte of the LPDAR with the address of the 
first print position to be optioned. 
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The low order hyte of tn^LPTMR is preloaded with an 
address of 7C (hexadecimal) iflfi* jncrementer cam is in 
the Ml position. IC the incrementer camisin thefU posi- 
tion, the low order byte of the LPDAR is preloaded with 
a 7F (hexadecimal). At CPU clock time, the low order 
byte of the LPDAR is sent to the CPU and is returned to 

*v4he data register in the attachment at 'sample DBO cl.3' 
tirhv^At CPU clock 4 time, it is transferred into the ham- 
~*lr»r ad3N« register by activating the 'load HAR' line. 

.-"This preloadftfaehammer address register with the address 
in main storage wftetethe data forthe first hammer to be 

-^optioned to print is loc 



First Cycle StMl (PCD 

• Request "a print cycle steal. 

• Load the data register in the attachment vjtljh a daar 

character from main storage. . ] • * 

■ i > 

• Decode the data character to determine if i£is anything 
other than a blank. 



If the^data. character is) 
the LPDAR. 



i blank, inhibit incrementing 



Refer to ^fi^B 5-010. 



Initialize Attachment Circuitry 

• Receive a PSsVjpulse. J 

• Advance the chain character counter. 

• Advance the scan counter. 

• Activate the hammer clock. 

• Synchronize the printer to the attachment. 

The magnetic emitter on the print chain constantly gener- 
ates pukes while the chain is moving. These pulses develop 
PSS 1 , P5S2, and PSS3 pulses in the attachment. 

\ _ 

." * 
During PCO, the 'PCO control' latch is turned on. The 
first PSS1 that occurs after PCO control has been set 
activates the 'cc shift' line and turns on the 'print time} >-— " 
latch. This synchronizes the printer to the attachment 
for one increment scan. The 'cc shift' line advances the 
character counter and the scan counter. 'Print time' turns 
on the 'start hmr clogk' latch and starts the hammer clock. 
'Print time' also turns the 'print cyate request* latch on, 
and initiates print cycle steals. This sequence is repeated 
start of three more increment-scans to complete one 




Circuit Objectives 
Refer, to^FEMD 5-020. 



• Load the LPIAR in the CPU with the data character 
from the chain character counter. 

<* i:" 

A request for print cycle steal one (PC 1 ) mptt now be * 
made to bring a data character from main storage to the 
attachment data register. When the cycle steal is granted, 
a data character from main storage, addressed by the 
preloaded address in the LPDAR, is sent and stored in the 
attachment data register. 

The data register decodes the character to determine if it is 
anything other than a blank (hexadecimal 40); If the data 
character is not a blank, the 'no data' line inj dm data reg- 
ister is not activated and another cycle steal is taken to 
determine if it is to be printed. Thifc'no data ' jioe inactive 
will also activate thejc^rri 1 inhibit LSR load' line, which 
prevents incrementing the LPDAR in the CPU, It is neces- 
sary to retain the present address in the LPDAR in the 
event that the same data area will be addressed on the 
following cycle steal (PC 2 to check for printcdttipare). 



A hexadecimal 40 found in the data register beans: 

1 . This position has either been printed or iTaTblank^ 

2. The 'chan 1 inhibit LSR load' line woijwj liot be 
activated. ^JO 

3. The LPDAR is increjmejoted^^rlext stress 
tobe^ptionedtor' printing). fy; • 

-4r-"The^PC group end' line is activated and tk> " 

more cycle steals are taken in this group iffor 
■ thus print position with the chain character 
being optioned). . ! !' 

Also, during PCI (at clock 1 and 2 time), thja jfPlAR in the 
CPU is loaded with the character contained ijijthe ibit 
shift register of the chain character counter* 'TJhe character 
is placed in the DBI assembler. At '£lock 0*, tjjtt 'select 
LPIAR to load CC line is activated fnd the <:(fcracteJls 
sent tq the CPU. . 1:7 

. CircuhOb/ectives 
Refer to, FEMD 5-030. 



D07 



Second Cycle Steal (PC2) 

• Request a print cycle steal (if data was found during 
PCI). 

• Load the B register in the CPU with a character from 
main storage addressed by the preloaded LPIAR. 

e Load the A register in the CPU with the character to be 
printed, stored in the data register in the printer attach- 
ment. 

• Subtract the A register from the B register in the ALU. 

e Load the results of the subtraction into the printer 
attachment data register. ' 

e Decode the results of the subtraction to see if the 
character is to be printed (print compare). 

e It%is a print compare, inhibit the LPDAR from 
incrementing. Another cycle steal will be requested 
at that address. 

• Activate the hammer fire buffer. 

A request for a second print cycle stead (PC2) is needed to 
determine whether or not the character stored in the^lata 
register matches the chain character over that print posi- 
tion , and whether or not the character can be printed. 
Upqn granting the cycle steal, th^CPY loads the B register 
with « character from main storage addressed by the pre- 
loaded LPIAR. The character stored in the printer attach- 
ment data register is placed on data bus in and loaded into 
the A register in the CPU. The parity bit for this character 
is not regenerated. 'Parity was checked when the character 
was received in the data register in. the attachment during 
PC 1 . The character is sent back to the CPU exactly as it 
was received. 

~The A-register character is subtracted from the B-register j 
character in th* ALU. Results of this subtraction are ' 
placed on data bus out and transferred to the attachment 
data register. The contents of the data register are decoded 
to determine if the data character, is a zero (A register minus 
B register = 0). 



If the data character is zero, the 'print compare' line is 
activated. One more print cycle steal is requested to write 
a hexadecimal 40 into the location in main storage of the 
data character with the 'print compare'. 



The 'print compare'Jme active will activate the**chan 1 
inhibit LRSload' lineTo prevent incrementing the LPDAR 
in the CPU. It is stilt necessary to retain the present address 
in the LPDAR so it can be used during PC3. If a 'print 
compare' is detected during PC2, trie 'print compare' line 
will activate the 'hmr fire bfr' trigger. 

If the da|a character decoded in the JhHajfegister is not a 
zero, the 'print compare' line is not activated. Therefore, 
PC2 cannot activate 'chan 1 inhibit LSR load' line. The 
LPDAR is now incremented to the next address to be 
optioned for printing. TheVc group end' line is activated 
and no more cycle steals are taken for this print position 
with the chain character being optioned. 



Circuit Objectives 
Refer to FEMD 5-040. 

Third Cycle Steal <PC3) 

• Request a print cycle steal (if 'print compare' became 
active during PC2). . 

• Block reading into the B register in the CPU so that it 
will contain a zero. 

• Load the A register in the CPU with a blank (hexadeci- 
mal 40). 

• Add the A register to the B register in the ALU 
[A (Hex 40) ,+ B (zero) =«ex 40] . 

• Place the hexadecimal 40 in the main storage location 
of the character tfjbe printed. 

• Increment the LPDAR. 

•- / 

A request for a third print cycle steal (PC3) is needed to* 

blank out the main storage location of the character to be 

printed. This character is blanked out so that the next. 

time the LPDAR addresses this position, a blank is decoded 

on PC 1 . A blank decoded tells the attachment that this 

position has been printed. This reduces the number of 

cycle steals required when the remaining chain characters 

are optioned for printing. The 'PC group end' line is 

activated and no more cycle steals are taken for thisjprint 

position for the chain character being optioned. 
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ft*eofSY31-0245-0 . 
Revised April 9, 1971 
ByTNL: SN31-0318 

To blank out the core position that has been set up for 
printing, it is necessary to write a blank (hexadecimal 40) 
into the main storage in that position. The 'PC3* line 
active activates the 'chan 1 block SDR' line to prevent 
loading anything into the B register (in. the CPU) leaving 
its contents all zero. f 

A hexadecimal 40 is generated by ANDing 'PC3 cl 1' with 
'print compare* and gating it to the DBI assembler. The 
hexadecimal 40 is loaded into the A register in the CPU. 
The A register is added to the B register in the ALU. Add- 
ing the hexadecimal 40 to zero results in the^iexadecimal 
40 being loaded into main storage in the location of the 
data character (addressed by the LPDAR) that has been 
set up for printing. 

• » 

The LPDAR is incremented (to the next address to be 
optioned for printing) during PC3. 'PC group end' is 
activated and no more print cycle steals are taken in this 
group. 



Circuit Objectives 
Refer to FEMD 5-050. 

Hammer Firing, .' • ' ' 

•. Decode the hammer address register into one X and one 
Y address line. 



Activate the selected X 
printer and in the hat 




address lines in the 
check LSR in the attachment. 



• With the X and Y arfftress lines and the hammer set pulse 
active, the selected hammer driver turns on and the 
hammer fires. 

-• Check that the hammer driver has turned on. 

• Check that the hammer driver has turned «ff. 

The hammer address register was loaded with the address 
in the LPDAR either as the result of PCO or PC group end 
followed by a 'load HAR' pulse. 

The address in the hammer address register is decoded into 
one X address line and one Y address line. The two 
selected address line's are taken to the printer to select a 
* hammer driver latch and the hammer check LSR in the 
attachment. 

At 'hammer clock 4' time in the attachment, the 'hammer 
set' pulse is activated if the hammer fire buffer trigger is on. 



The 'hammer set' pulse is taken to the printer and to all 
of the hammer latchesT It ANDs with the latch that has 
the X and Y address lines active and turns on theJatch. 
With the latch set, the hammer fires. ; 

Each hammer driver is addressed once during every print 
scan. Each time it is addressed, a hammer driver is deacti- 
vated, by the 'hammer reset' pulse- unless a character is to 
be printed in that position. If a character is to be printed 
in that position, a hammer is activated by the 'hammer 
set' pulse. Two checks are made on every hammer fired: 

(1) a check to ensure the hammer driver turned on, and 

(2) a check to ensure that it has turned off. The check to 
see if the hammer driver turned on is made during the 
same print scan that sets up the hammer to print (print 
-scan X). An inactive 'hammer off echo' line from the 
printer indicates the, hammer driver turned on. The hammer 
driver is left on for that print scan (scan X). During 

print scan X + 1 , the hammer driver is addressed again and 
turned off. 

The check to see if the hammer driver has turned off occurs 
two print scans later (print scan X + 2). The check to .see 
if the hammer has turned off cannot be made on the next 
print scan after the hammer driver has fired (print scan 
X + 1) because the response from the hammer driver that 
generates the 'hammer off echo' line is still on because of 
a long period of reset delay. If the 'hammer off echo' line 
is active at scan X + 2, the hammer has turned oft^ 

On Model 3 printers, the reset of the hammer drivers is 
different from the Models 1 and 2. Since a print scan in 
the Model 3 is only 0.729 millisecond, and the hammer.' 
drivers must be left on about 1 .2 milliseconds, a hammer 
driver set on in one scan cannot be reset when it is addres- 
sed again in the next scan. The hammer driver is actually 
reset about one and two-thirds scans after it is set. 

A reset time in Model "3 printers is developed in each ham- 
mer clock cycle and this is usee? to decode the X and Y 
address lines of the hammer being set to a different X and 
Y line during reset time. For example, the Xand Y line 
used to set hammer driver 2 is decoded to the Xand Y 
line necessary to reset hammer driver 9. The hammer 
driver set in a scan is prevented from being reset in the 
same scan. This is; done by bringing up inhibit Echo Scan' 
in a similar method as when it is used to prevent echo 
checking. , 

Refer to "Hammer Check LSR" for more information.. 



Circuit Objectives 
Refer to FEMD 5-060. 
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Hammer Driver Reset <No Data, or No Print Compete) 

• Each hammer driver is reset during every print 
unless it was turned on in that print seen. 

• Hammer driyersthat are reset on a print span are checked 
to make sure they are off. 

A reset pulse is sent to every hammer driver during every 
print scan except the print scan in which a hammer driver 
turned on. The 'hmr fire bfr* trigger controls the times 
Mat reset pulse&are sent. The trigger is set at 'PC2' and 
'print compared At this time, the attachment sends 
'hammer set"pulses to the hammer drivers. The trigger 
is reset during PCI when no data is found (the 'no data' 
line active), or during PC2 when no print compare is found 
(the 'print compare' line inactive). WhSen the 'hmr fire "bfr' 
trigger is off, the 'hammer off line is active. At 'hammer 
clock 4', the 'hammer set Ctrl' is activated. This pulse 
ANDed with 'hammer off activates 'hammer reset'. The 
reset pulse is taken to the printer to reset the hammer 
drivers. 

On Model 3, the 'Hammer Reset' pulse is activated by 
(not) 'Inhibit Echo Scan' at 'Hmr CI 3' time just before 
the 'Reset Time' latch is reset. 

An active hammer echo line from the prl 
off echo*) received as a result of resetting 1 
drivers, indicates the hammer drivers are off. 

Circuit Objectives 
Refer to FEMD 5-075. 



Cycle Regener at ion and Ending Operation 

\ 

• Determine the following: 

1 . Is one of the last three hammers addressed? 

2. IsitPSS3? • -~- 
3* Have all 50 print scans been taken? 

4. Is this the last mechanical position? 

After a hammer driver has been fired and checked, the 
printer attachment must determine exactly where it is in 
the print cycle. The attachment must make four decisions 
before it can branch back into the logical flow of the print 
»tion: "*■■--... 

Is hammeTH*42. or 33 addressed ( 1 20 print posi- 
tions)? 
Is it PSS3? 

Have all 50 print scans been taken? 
Have all the mechanical positions been se: 



'hammer 
[>er 




P*je©fSy>HK45* 

^M*U& April 9, 1971 

ByTNL: SN31-0318 

^ -r""" • r *** 

The- flowchart'in the Field Engineering Maintenance 

-JXagmms manual (FEMD 5-070) illustrates the branching 

conditions. 



Unprintable Character 

• An unprintable character (UPC) is any character that is 
optioned for printing but does not appear in the chain 
image area in main storage. 

« 

• An unprintable character sets a sense bit in tlfe SNS bit 
assembler, but will not be detected unless art SNS 
instruction is given. \ 

The IJPC is a character addressed by the LPD Aft and 
optioned for printing for which no print compare occurs 
during PC2. The UPC is optioned for printing on all 48 
print scans, and remains to be optioned for the 50th print 
scan. At this time, however, the print line is complete and 
no more print options are taken in this mechanical position. 
The UPC is detected and a sense bit is set. An SNS instruc- 
tion must be given to alert the program of the UPC. With- 
. an- SNS instruction, the sense bit remains, undetected, 
is active until it is reset by the next SIO instruction. 

On machines with standard 48-character sets, there is no 
reduction in throughput caused by unprintable characters. 



uit Objectives 

Refer toFEMD 5-095. 

On a machine with a standard 48-character set, if 'PCI data 
Cl 7' is active at 'scax50', the UPC latch sets. At 'SNS • 
N code 3 • ell' with^WPC' active, the UPC sense bit 
'DBI SNS bit 6' is gated through the SNS bit assembler 
into the DBI assembler. 



CARRIAGE OPERATIONS 
Carriage Space 

• The number of lines to be spaced is gated into the 
carriage space-skip register from the DBO register. 

• The number of lines spaced is stored in the carriage 
. space counter. 



When the carriage space-skip register and the carriage 
space counter compare, 'space stop' is activated and 
•the carriage is stopped. 

5203 Attachment TO 3-5 
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A carriage space operation initiated by an SIO instruction 
from the CPU is controlled by the 5203 attachment. When 
the binary value of space 0, 1 , 2, or 3 in the carriage space- 
skip register equals the count in the carriage space counter, 
the carriage space operation is stopped. 

For more information, refer to "Start I/O Instruction." 

During an SIO space instruction, the control code of the 
instruction contains the number pf lines to be spaced (0, 
1,2. or 3). 

Note: A space control code of 4 or higher results in a 
space of zero. 

.The control code is sent over the DBO, and at clock 5 time 
of the channel I-R cycle, the DBO register is gated into the 
carriage space-skip register. The carriage space-skip register 
now contains the number of Hnes to be spaced. At clock 8 
of the channel I-R cycle, the^ print trigger is turned on. * 
This indicates the printer will print a line before spacing. 
At the end of the channel I-R cycle, the space latch is 
turned on to initiate a space after the print cycle has been 
completed. The carriage control latch is turned on when- 
ever, the following conditions are met: 



1 . '48 character set' 

2. 'last M position of line' 

3. 'scan 45' 

4. (not) 'forms jam* 

This allows the 'carriage clutch control' line, along with the 
space latch on, to gate the carriage clutch and-tum on the 
carriage moving latch. The carriage chjtch is picked and the 
carriage and forms advance. A carriage emitter pulse is 
sent from the printer to the attachment for each line that 
the carriage and forms advance. Each carriage emitter pulse 
resets the carriage moving counter and advances the carriage 
space counter by one count. The carriage space-skip register 
and the carriage space counter are compared each time a 
line is spaced. When they compare -equal, the 'space stop' 
line is'activated. This degates the carriage clutch (the 
clutch latches up and the carriage and forms stop moving), 
' and resets the space latch. The carriage moving counter 
then counts down for 12 ms and resets the carriage moving 
latch. (This allows time for all carriage parts to stop moving.) 
The carriage moving latch being off activates the 'carriage * 
nof busy' line, and the printer is ready to-accept another 
instruction. 



Circuit Objectives 
Refer to FEMD 5-210. 



Carriage Skip 

• The carriage line number to be skipped Jo is gated into 
the carriage space-skip register from the DBO register. 

• The line counter contains the binary value of the 
carriage form line being skipped. 

t 

• When the carriage space-skip register and the carriage 
line counter compare equal, skip stop is activated and 
the carriage is stopped. 

1 
A carriage skip operation initiated by an SIO instruction 

from tHe CPU is controlled by the 5203 attachment N When 

the binary value of the form line to be skipped to in the 

carriage space-skip register equals the count in the line 

counter, the carriage skip operation is stopped. 

Refer to "Start I/O Instruction" for more information. 

V 

During an SIO skip instruction, the control code for the 
instruction contains the number of the form line to be 
skipped to. 

Note: A code of will be accepted, but causes no carriage 
motion. , 

The control code is sent to the DBO. And at clock 5 
time of the channel I-R cycle, the DBO register is gated 
into the carriage space-skip register, The carriage space- 
skip register now contains the line to be skipped to. At 
clock 8 of the channel I-R cycle, the print trigger is turned 
on. This tells the printer to take a print cycle before 
skipping. At the end of the channel I-R cycle, the skip 
latch is turned on to tell the carriage that a skip is to be 
taken after the print cycle is completed. The carriage 
clutch control latch is tumedon when the following condi- 
tions are met: 

1/ '48 character set' 

2. 'last M position of line' 

3. 'scan 45' 

4. (not) 'forms jam' 

This allows the carriage clutch control line, along with the 
space latch on, to gate the carriage clutch and turn on the 
carriage moving iatch. The carriage clutch is picked, and 
the carriage and forms advance. A carriage emitter pulse 
is sent from the printer to the attachment for each line 
that the carriage and forms advance. Each carriage emitter 
pulse resets the carriage moving counter and advances the 
carriage line counter by one count. The carriage space-skip 
register and the carriage line counter are compared each 
line skipped. When the compare equal, the 'skip stop' line 
is activated. This action degates the carriage clutch (the 
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clutch latches jtp and the carriage and forms stop moving), 
and resets the skip latch. The carriage moving counter then 
counts down for 1 2 ms and resets the carriage moving latch. 
(This allows time for the carriage parts to stop moving.) 
The carriage moving latch being off activates the 'carriage 
not busy' line, and the printer is ready to accept another 
instruction. 



Manual Carriage Operations 

Manual Space 

• Pressing the space key on the printer console initiates 
a single fine carriage space when the printer is in a not 
ready state. 

When the space key is pressed, the manual space latch is 
turned on. The manual space latch turns on the manual 
space trigger. Turning the manual space trigger on activates 
the 'manual carriage op' line. 'Manual carriage op' ANDed 
with^carriage clutch control' activates the 'can cl' line. 
This picks the carriage clutch and turns on the carriage 
moving' latch. The carriage is now moving and the carriage 
moving counter is -started. A verified emitter pulse resets 
the manual space trigger and the carriage moving counter. 
Turning off the manual space trigger deactivates- 'manual 
carriage op' ,_ which degates the clutch. This stops the 
carriage after one line has been spaced. 

If there are no more carriage emitter pulses to reset the 
carriage moving counter, the counter runs for 1 2 ms and 
resets the 'carriage moving' latch. This allows the printer 
to become not busy, and another printer function can be 
initiated. 



This picks the carriage clutch, and turns on the carriage > 
moving latch. The carriage is now moving and the carriage 
moving counter is started. 7 As the carriage searches for 
line one and the verified emitter pulses are sensed^ the 
carriage moving counter is reset and then restarted. The 
line counter and the forms length register are continually 
being compared. A compare equal of the line counter and 
the carriage forms length register turns on the line compare 
latch. This indicates the carriage is at the last line of the 
form. The carriage must move one more line to be at line 
one.' This is accomplished by waiting for another verified 
pulse to reset the line compare latch. The line compare ' 
latch going off turns off the restore reset trigger, which 
activates the 'restore reset'line. The 'restore reset' line 
has two functions: 

1. It resets the line counter tq one, and the line counter 
output being one resets the restore reset trigger on. 

2. The restore reset line turns off the manual restore 
trigger. 

¥ . 
The manual restore trigger going off deactivates the 'manual 
carriage op' line, which degates the carriage clutch. 

By receiving no more emitter pulses, the carriage moving 
counter that was reset with each verified emitter pulse is 
allowed to run for 12 ms; it then resets the carriage moving 
latch. The carriage moving latch going off allows the 
printer to drop busy, and another print function can be 
initiated. ' 



Qrcuit Objectives .. 
Refer to FEMfc 5-220. 




Circuit Objectives 
Refer to FEMD 5-220. 



I/O INSTRUCTIONS 
Start I/O Instruction 



Manual Restore 

• Pressing the restore key on the printer console initiates 
a carriage restore to line one of the next form. 

Pressing the restore key sets the manual restore latch; 
releasing the key resets the manual restore latch. The 
manual restore latch turns on the manual restore trigger. > 
Turning the manual restore trigger on activates the 'manual 
carriage op' line. 'Manual .carriage op' ANDed with 'carriage 
clutch control* activates the 'carr cl' line. 



• Initiates a printer operation. 

• Consists of an I-Q and an I-R cycle in the attachment. 

• During the I-Q cycle, the Q byte of the instruction is 
decoded and the condition code is sent back to the CPU. 

• The I-R cycle decodes the control code to load the 
carriage space-skip register. 

• The print latch is turned oorduring the I-R cycle. 



DI2 



5203 FETOM Attachment (12/69) 3-7 



The start I/O (SIO) instruction initiates the print operation. 
The line printer data area in main storage, addressed by the 
LPDAR, is printed because an SIO instruction has been 
issued. One SIO instruction is required for each line of- 
prirrt. 

Twolcycles are generatedin the printer attachment by the 
SIOTnstruction. The first is an I-Q cycle to interrogate 
the Q byte of the instruction and determine the condition 
code of the)printer attachment. The I-R cycle loads the 
carriage space-skip register with the information on how , 
far to space or skip. It also turns on the print latch. 



I-Q Cycle 

During the I-Q cycle the following events occur: 

/ ■ 

1 . The device address is decoded. 

2. The print buffer and carriage are checked to see if 
they are busy. J 

3. The condition code is determined and sent to the 
CPU. 

The M and N fields of the Q code are interrogated. 
Either, the space or skip latch is set in the carriage 
circuitry. • 



4. 
5. 



An SIO instruction^ sent by the CPU is received by all 
attached I/O device^ ^Therefore, each I/O attachment 
must decode the device address (DA) in the Q code of 
the instruction to determine if the SIO is for him. At the 
same time, the attachment interrogates its circuitry to 
see if it is busy. If the DA is for the attachment, and if 
the attachment is not busy, a condition code of B is sent 
back to tftfrCPU. This tells the CPU- that the SIO was 
accepted-and an attachment (printer) I/O operation 
starts. - 

If the printer attachment decodes the DA in the SIO / 

instruction as an E (the DA for the printer), and the printer 
and the carriage are not busy, a condition code of B is 
sent to the CPU. K_-~ 

, After the condition code of B is determined by the attach- 
ment, the M and N fields of the Q code are interrogated to 
determine carriage information.' Without a condition code 
of B the attachment stops further operations. The M field 
of the Q code selects a carriage (a selects the left carriage, 
and a 1 selects the right carriage). The N field determines 
if the carriage is to: 

1 . S*pace only, or 

2. Print and space, or 

3. Skip only, or & 

4. Print and skip. 



With a carriage selected, and one of the above conditions, 
either the space or skip latch in the carriage circuits is set. 



I-R Cycle 

During the I-R cycle, the carriage space-skip register (of the 
carriage selected by the M field) is loaded with how far the 
carriage should space or skip. At this time, the carriage 
has all the data it needs for the print operation. 

At clock 8 time, the 'print' latch is set. This completes the 
SIO instruction and the attachment can now take cycle 
steals and begiirthe print operation. 



Circuit Objectives 
Refer to FEMD 5-310. 

1-Q Cycle 

When the SIO instruction is sent, the following lines are 
activated: 



1. 



3. 



The M-Q cycle' line from the CPU activates the 

'I-Q cycle' line in the attachment. 

The 'SIO instr' line from the CPU activates the 

'SIO instr' line in the attachment. 

The Q code is put on data bus out and placed in 

the DBO register. 



The device address is decoded. If an £ (DBO bits 0, 1 , and 
2 active and DBO bit 3 inactive) is decoded, the *ptr DA 
decode' line is activated. At 'sample DBO cl 5' time, the 
Q byte is loaded into the Q register . 

*i - . te - • •» 

The status of. the printe/*attachment ^(bttsy or not busy) is 
determinedin the Q^regjster. The 'ptinter not busy' l^ne 
is active if the 'right cajr.not busy' and 'left carr not busy' 
lines are active (carriages not"rnoving) and the 'print buffej • 
not busy' line is active- ('print latch' not setj. ' 

At 'sample DBO cl 5' time, the 'pjr DA decode' latch js 
set. The output of the' latch ANDs with 'SIO instr' to 
activate the 'SIO • ptr DA' line* With this line and the 
'printer not busy' line active; the 'chan 1 I/O condition B" 
line is activated. 

The M field of the Q code is decoded to activate either 
'select right carr' or 'select left carr.' 'Q bit 4' active selects 
the right carriage; 'not Q bit 4' active selects the left 
carriage. 
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The N field of the Q code is decoded to activate one of the 
following: 

1 . *SIO space command' 

2. 'SIO skip command* 

3. 'print' and $IO space command' 

4. 'print' and *3tO skip command' 

* " •• * 

Refer to Figure 3-1 for the Q byte decode for the above 

carriage commands. 

With a carriage selected, and either 'SIO space command' or 
*S10 skip command' active, either the 'space' latch or the 
' 'skip' latch in the carriage circuits is set. 



I-R Cycle 

Upon the completion of the I-Q cycle, the 'I-R cycle* line 
from the CPU activates the 'I-R cycle' line in the printer 
attachment. < 



:'s/m 



At 'sample DBO cl 5* time of the I-R cycle, the 'load right 
(or left) carrdata bfr* line is activated. This line active 
gates the DBO -bits (containing the amount to space or skip) 
into the carriage space-skip regjster. ' 

/ 

At crock 8 time of the I-R cycle, the 'print' latch is turned 
on. 
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F^ure 3-1 . Start I/ON Field Q Byte Decode 
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Load I/O Instruction 

• Consists of an I-Q <Wcle and two E-1i cycles. 

• The I-Q cycle decodes 1 the Q byte of the instruction 

and sends the condition code back to the CPU. 
j 

• Thfee load I/O instructions are required before. printing 
to: 

1 . Load the forms length into the carriage forms 

length registers). 
2. , Load into the LPI AR the address where .the « 

chain imaw'can be found in main storage. 
_ \ 3. ' Load intc/the LPDAR the address where the 

data to be printed can be found in main storage. 

The load I/O (LIO) instruction is used to prepare for a 
print operation. Three LIO instructions are necessary 
before a print operation can take place. One LIO instruc- 
tion is necessary to load the forms length into the carriage 
forms length registers). A second LIO instruction selects 
and loads Ihe LPIAR, and a third selects and loads the 
LPDAR. By loading the LPIAR and LPDAR we are 
specifying the area in mairfStorage to be addressed by 
them during the -print operation. 



The circuit objectives for the LIO Instruction are similar 
to those of an SIO instruction. 'LIO instr" and 'I-Q cycle' 
lines are sent to the attachment along with the Q byte. The 
attachment activates its 'LIO instr* and 'I-Q cycle' lines. 
The Q byte enters the DBO register. 

The device address is decoded and at 'sample DBO cl 5" 
time the Q byte is shifted into the Q register for decoding. 
The status of the printer, busy or not busy, is determined 
in the Q register and the condition eode is sent to the CPU. 
A condition code of B (correct device and printer not 
busy) causes the attachment to decode the N field and 
inform the CPU that the LIO has been accepted. 

The N field of the Q byte of a LIO is decoded to determine 
what it is to do (Figure 3-2) Fr. D16 



1. Load the carriage forms length register. 

2. Select the LPIAR for update. 

3. Select the LPDAR for update. 



I-Q Cycle 

The I-Q cycle Cor the LIO instruction is basically the same 
as for the SIO instruction. (Refer to "SIO Instruction, 
I-Q Cycle.") The device address is decoded, the printer is 
checked to see if it is busy, and the conditioTVcode is deter- 
mined and sent to the CPU. The M field in the Q byte of 
the LIO is insignificant. The N field of the LIO is interro- 
gated to determine if it is to load the carriage forms length 
register, select and load the LPIAR, or select and load the 
LPDAR. 



E-B Cycles 
V 

During the first E-B cycle (E-Bl), the forms length is 
loaded into, the right carriage forms length register. During 
the second E-B cycle (E-B2), the forms length is loaded 
into the left carriage forms length register. 

The LPIAR or LPDAR are selected and loaded during E-Bl 
andE-B2. 



Circuit Objectives 
Refer to" FEMD 5-330. 



■ Test J/O Instruction 
» Consists of an I-Q cycle. 

• During the I-Q cycle, one of four conditions is tested 
for and the condition code sent to the CPU determines 
the results. 

• The four conditions that qta be tested for are: . 



1 . Not ready, not no-op. 

2. Print buffer busy, h 

3. Carriage busy. / 

4. Printer busy. 



The test I/O (TIO) instruction is used to determine if 
either the printer attachment or the printer is busy or ready. 
There are four conditions that can be -tefted by a TIO 
instruction. These are: 



1. 
2. 

3.^ 
4. 



Is the printer" ready, • 
IS the print buffer busy. 
Is the carriage busy, or 
Is the printer busy? 



3-10 (12/69) 



D15 



NotNo-Op 


A 






. 




. 




_ 




A 




LlOlrwtr - 




(ClByta Decode -Notel) 


Select Tormt Length 














Printer Not Busy 




•' 




A 


- / 








Select LPIAR 




(Q Byte Decode - Not* 2) 








* 


f 
















A 


Select LPDAR 






<Q Bytt Decode - Not* 3) 


i». 











Q Byte Decode j» J 

Not* 1 : Not Q Bit 5, NotQ Bif 6.' and Ptr QA J Not Q Bit 7 (N coda 0) 
Nota 2^Not Q Bit 6.% Bit-5, and Ptr "DA -.Not Q Bit 7 (N code 4) 
Note 3: Q Bit 5. Q B'it 6. and Ptr pA: • Not Q Bit 7 (N cede 6) 




figure 3-2. Load. I/O N Field Q Byte Decode 



IQ Cycle 

The TIO instruction consists solely of.an l-Q cycle in the 
attachment." The l-Q q*ck is similar to that of the -S1Q or 
tlO instructions. The difference is that in the other 
instructions, a condition code of B means thatthe carriages 
are not busy and that the print buffer is. not busy. The 
TIO instruction checks to see if either carriage or the print 
buffer is busy, or if the printer is ready or busy; a condition 
code of A (not B) means that the condition checked for is 
met. A condition code of B in a TIO means that the con- 
dition tesfed w^s not met. 



esf*. 



With a condition code of B, we can proceed on to the 
next instruction. 



Note: The TIO checks for a busy or a not ready situation. 
A condition code of A tells us that the printer or attach- 
ment is indeed busy or not ready. Therfore, with a con- 
ditionjcede of B the device checked (printer, carriage, err 



attachment) is ready for a new' instruction. Although we 
check for a condition code of A with a TIO instruction, a 
condition code of B means that we «an proceed to another 
operation the same as in a SlOor LIO instruction.' 



Circuit Objectives 

Refer to FEMD 5-350. 

The circuit objectives of the>J4P are similar -to those of the 
SIO and LIO. *T10 instr' a^fr'IJQf cycle' lines are«sent to « 
the attachment from the-CPU along with the Q byte. The . 
attachment activates^* TIO irlstr' and *I-Q cycie' line^» The 
Q byte enters the DBO register. 

The device address is decoded. AC- 'sample DBO d^' time 
the Q byte is loaded into the Q register., The-*! field is ' 
decoded to determine which carriage (if any) is to, be tested. 
A 'Q bit 4' active selects the right carriage, and a 'ftot.Q 
bit 4* active selects the left carriage. 
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The N field of the Q byte is decoded to determine, which 
condition is to be tested for. Refer to Figure 3-3 for the 
Q byte of the conditions to be testedfor. 



Advance Program Level Instruction 

• Consists of an I-Q cycle. 

• During the I-Q cycle, one of four conditions is tested 
for and the condition code sent back to the CPU deter- 
mines the results. 



• The four conwkmsJhat can"be tested for are: 



... 1. Ready. 

2. Print buffer busy. '■> 

3. Carriage btfsy. , 

4. Printer busy. .* 

• The Advance Program Level instruction is similar to 
the Jest 10 instruction. . 

The Advance Program Level instruction iMise'd primarily 

wrth.|he dual program feature. It is similiar to and tests 

for the same conditions that4he test 10 instruction does. 

, Tne Advance Level Program (APL) instruction checks for: 

1 . fa the printer ready, . • . 

2. Is the print buffer b»sy, 

•3. • Is the oarriage busy, or .. • 

4. Is the prinjtej busy? v 

The API^instruction loops until the condition being checked 
for ho longer. exists. A blank' Q cbde is recognized as an 

"automatic APbnnstr,uction.^Jhis condition^ termed an 

•automatic "APL and is the same as a no-op. " 



l-QCycle 

' ' m .\ .■ '• . . 

The APL instruction o*»sists solely of an I-Q cycle in the 
attachment* The I-Cj[ cyc|e.ij similar to that of a\jO 
fnstruction. A condition code" o/A means that the condition 
being checked for is busy „ The t i\PL instruction loops 
.until the condition being checked is not.busy and a condi- 
tion code of B is activated. • ..-. ** 



Circuit Objectives 

Refer to FEMD 5-350. 

The circuit objectives of the APL instruction are similiar 
to those of the TIO instruction. The 'TIO instr' line sent 
to the attachment is decoded in the attachment as 
'TIO-APL instr.' Therefore, the attachment uses the same " 
circuitry for both instructions. Refer to "fl?st I/O 
Instruction'' circuit objectives. . • 

Sense I/O Instruction " 

• Interrogates the status of the printer attachment logic. 

• Consists of an I-Q cycle and two E-B cycles. * 

i. a 

• The I-Q cycle decodes the Q byte and sends a condition 
code of B back to the CPU. ,' . • * 

• It is always accepted by the attachment whether it is 
busy or not. 

« ' • 

• The two E-B cycles are taken to check for. the condition 
called for in the N field of the Q byte. 

• The sense information is sent back to the CPU. 

The sense I/O (SNS) instruction interrogates the status of 
the printer attachment logic and sends the sense informa- 
tion back to the CPU. The SN&instruction is a diagnostic 
tool, but may be used at^ny time. It is always accepted 
by the printer attachment whether the., attachment is busy 
or not ; therefore, a condition code pf Bis always returned 
to the CPU during the I-Q cycle. 

I-Q Cycle 

The I-Q cycle for the SNS instruction differs from thayrf 
the other instructions only in the way the condition code 
is determined. The SNS instruction does jwt "check for 
any busy conditions during the I-Q cycle. A condition code c 
of B is always decoded. uHtie'Q register decode circuits. 
The device address is decoded and the N field of the Q byte 
is interrogated in the same manner, as the rest of the instruc- 
tions. The M field is insignificant in a SNS instruction. 
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Figure 3-3. Test I/O N Field Q Byte Decode 



E-B Cycles 

The N field of.the Q byte and the E-B cycle (E-Bl or E-B2) 
determines the condition to be sensed. A register is selected 
in the CPU or the attachment-.by the N field and the E-B . 
cycle'. If an attachment register is selected, its contents are 
put on data bus in and 1 taken td the CPU. The selected 
register <jan be interrogated in the CPU by the program for 
the, diagnostic value it contains. 



Circuit Objective*, 



\ 



Refer toFEMD 5-370. 



*' ,'SNS instr' and i-Q' cycle lines are sent from the CPU to 
- activate the *SNS instr' and i-Q-cycle'lines in the attach- 
ment. The-Qbyte is also sent to the attachment and 'stored 
indie DBO register: ■ e ■ 



The device address is decoded and at 'sample DBO cL5' 
time, the Q byte is loaded ihto fhi Q register. A condition 
code of B is sent to the CPU. 



The N field of the Q code is decoded, The *E-B1 cycle* 
from the CPU activates the 'E-B 1 cycle' line in the attach- 
ment. At this time the condition specified by the N field 
.is checked/for (refer to the chart on FEMD 5-370). If the 
contents of a register are specified, they are placed on data 
bus in and taken to the CPU. If a register in the CPU is to 
be selected, the select lines in the attachment are raised and 
taken td the-CPU- 



During the second E-B eye's, the CPU .activate the 'E-B2 
ayele' line. The sequence of events for the E-B2 cycle are 
tne same as those for thels-Bl cycle. 



Did 
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Chapter A Features 



Special features available for the IBM 5203 Line Printer 
Attachment are: 

• Dual Feed Carriage 

r- 

• 120 Print Positions 

• 132 Print Positions 

• 200 LPM Throughput 

• Universal Character Set (UCS) 
All FF (Field Feature) B/Ms for the S203 attachment must 



be installed along with the concurrent S203 printer FF B/M 



mus 
J B/ 



DUAL FEED CARRIAGE 

This feature provides simultaneous feeding of two non- 
overlapping sets of forms. The left carriage is standard, 
and the right carriage can be field installed. 

Each carriage can move independently of the other. A 
separate SIO instruction is required for each carriage. Dual 
circuitry is provided for in the attachment FF B/M by 
adding two MST cards. These cards include an additional: 



.120 AND 132 PRINT POSITIONS 

The standard 96 print positions tan be increased to 120 of 
ft 2 print positions by installing the 1 20 or 1 32 print . 
position feature B/M. The jprint operation in the attach- 
n*nr\;emains the same',' except for two functions: 

1. Inhibit cycle steal 2 and 3 after the hammer address 
register decodes the last existent hammer address 

-Wttny subscan. This prevents CPU cycle steals 
because they are not needed. 

2. Degate the hammer echo samples when the hammer 
address register decodes the first nonexistent hammer 
address. Hammer echo checks are not -needed for 
nonexistent'hammer positions. 

When the hammer address register addresses hammers 1, 4, 
7, 10, etc. during a subscan, the output of the register is 
decoded. If it decodes hammers 1-24, the attachment is 
allowed to take necessary cycle steals, and to echo-check 
the Hammer drivers. If the hammer address register decodes 
hammers 25, 26, or 27 (nonexistent in % print position 
machine), cycles 2 and 3, and echo-checking, are prevented 
for the remaining portion of this subscan. In the case of 
1 20 print position operations, cycle steals and echo-checking 
are prevented for a decode of hammers 29, 30, or 31. 




1 . Carriage space-skip register 

2. Carriage forms length register 

3. Carriage line counter 

4. Carriage space counter 

5. Carriage moving counter 

6. Carriage manual controls 

7. Space check counter 

8. Emitter generate counter 
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Circuit Objectives 

Refer to FEMD 4-1 10. 

The 'last feature address' Utah is turned on when an exis- 
tenthammer is addressed during any print subscan. The ' 
'last feature address' latch is not turned on when the 
address register is loaded with the address of the first 
nonexistent hammer address (25, 26, or 27 for 96 positions, 
''or 29, 30, or 31 for 120 positions). This does two things; 

1 . . The force PC grp end' latch is turned on. This 
, ANDed with 'PCI' resets the 'request time* latch 
and PC2 andPC3 of this PC group; and the. remain- 
ing groups of this subscan are not taken. The 'force 
PC group end' also allows update of the LPDAR, 
during PCI, by degating 'chan 1 inhibit LSR load'. 

2. The feature inhibit scan' latch is turned on. This 
degates the 'sample echo check' for the remaining 
addressed nonexistent hammer positions. 

+' 

The force grp end' latch is reset at the beginning of the 
next subscan with 'chain em ss w-o home'. The feature 
inhibit scan' latch is turned off with first 1 2 pit positions' 
ANDed with 'hammer clock 1', 'hammer clock control', 
and 'HAR clock'. 



200 LPM 



UNIVERSAL CHARACTER SET 

Any character set with more than 48 different characters 
is defined as a universal character set (UCS). The UCS 
feature expands the 48-character set to a character set 
with 49 to 1 20 different characters. 

An MST card located at B1"L4 of CPU controls the UCS 
in the 5203 attachment. The 5203 has aifadditional emit- 
ter (UCS emitter) and microswitch installed.*" The micro- 
switch is activated by a stud on the UCS chain cartridge. 
This switch indicates to the attachment that the UCS 
feature is installed on the 5203. These functions are 
installed with the UCS feature B/M. Three functions of 
the 5203 attachment are changed by the UCS feature: 

1 . Operation of the 'home' latch is changed With the 
standard 48-character set, the home latch is turned 
orj-at the beginningof every character set (5 times 
per chain revolution). This resets the character 
counter to prepare for the fojleSjring character set. 
With UCS, the 'home' Uteri is turned on once per 
chain revolution. TKfs is accomplished by receiving 
6 UCS emitter^pulses, and 5 chain emitter pulses per 
. , chain revpJdtion. The pulses coincide once per chain 
revojutfon, turning on the 'home' latch. This resets 

character counter to prepare for the following 
UCS character set. 



The 5203 throughput can be changed from 100 LPM t$ 
200 LPM, or from 200 LPM to 100 LP!y|, by chang 
jumper wire and the incrementer cam. 

The M position counter operates (lmepetttly-for 200 line 
<• per minute machines thanfor lOOJme per minute machines.'' 

Thej20Q LPM machines print in^both directions, whereas, 
^fhe~tQO LPM machines pripfin one direction only. Alter- 
nate lines start printingirf either M 1 or M4. The M position 
counter steps in rjoOrnirections (M 1 , M2, M3, M4, M4, M3, 
M2,M!,Ml,M2yetc). 



\ 
300 LPM < 



The, 5iZ03 throughput can be increased to 300 LPM by 
installing the 300 LPM Field Feature Bills of Material on 
both the printer and attachment. 



Circuit Objef fives: Refer to FEMD 4-080. The 
'home' Utch is turned on once per chain revolution. 
'UCS home' ANDed with '320 NS chain em' and 
'250 micros home gate' turn on the 'homtf' latch. 
Turninjg on the 'home' latch brings up the 'reset cc' 
line which resets the character counter. 

* » 

2. In UCS, the scan counter reaching 48 will not stop 
printing. The scan counter bggins with the first PSS 1 
pulse after a print .start ss pulse. The scan counter's - 
only function is to define the inhibit range (scans 41- 
56 for Models 1 and 2 ; scans 34-86 for Model 3) of the 
incrementer clutch (prevents clutch nipping). Printing 
in any Of the four M positions is stopped when all the 
data in the print image for that M position has been 
printed (detected by imprinted data -circuit). The 
incrementer clutch is then energized and the hammers 
are shifted to the next M position. 
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3. 



Grcuit'Objectives: Refer to FEMD 4-300. To stop 
printing (subscans) in any M position with UCS, the 
'begin last scan' latch is turned on at the beginning., 
of each'print scan by 'PCI' ANDed with TSST and 
'first 1 2 print positions'. If 'unprinted data' becomes 
active, the 'begin last scan' latch is reset, and another' 
scan is taken. If the 'unprinted data' line does not 
reset the 'begin last scan' latch by the end of a scan, 
the 'stop printing UCS' line becomes active. The 
'stop prating UCS' line active does two things: 

a. It resets the 'execute print' latch to stop printing. 

b. It turns on the 'EOL' latch if 'last M pos of line' 

:■ is not active. This turns on the 'incr clutch' latch, 
and the hammers are shifted to the next M position. 
I 
In UCS the character counter is not reset five times 
per chain revolution (before each 48 characters) as 
it is for the 48-character set. In UCS the character 
counter is reset twice per chain revolution (once 
before each character set): once with the home 
latch (home latch is turned on once per chain revol- 
ution with UCS), and once with the 1 19 ck fcojunt 
trigger. 



of the 1 20 characters corresponds to one address in 
the LPIAR data area-in main storage (XXOO through 
XX77 hexadecimal). To prevent the addressing of a 
character in the next character set on the chain (the 
address would be greater than 120 for UCS), a decode 
of 1 1 2 through 1 1 9 out of the 7-bit shift register ; 
turns on the potential overflow latch. 

The low order positions of the 4-bit and 7-bit shift . 
registers are shifted through the adder. The adder 
output is shifted, bit by bit (clock 1-7), back into the 
7-bit shift register (any carries from the adder are 
placed in the carry trigger and added the next shift 
pulse). At clock 4 time, the 8 trigger values of the 
4-bit and 7-bit shift registers are present at the adder 
input and the result of the addition is present at the 
output of the aduer. With the 'potential overflow' 
latch on, and an adder output, the overflow 
trigger is gated on. Turning the overflow .trigger on 
holds the highorder trigger (trigger 64) reset for the 
next four shift pulses. This forces zeros to be entered 
in the four high order positions of the 7-bit shift 
register. 



• Circuit Objectives: Refer to FEMD 4-095. Two 
resets to the character countar are generated each 
chain revolution (2 UCS character sets per chain). 

a. Turning on the 'home' latch\ctivaTes the 'reset cc' 
line, which resets the character counter. 

b. Activatingthe 'cc 119 check count' line turns on 
the 'cc bit^' latch. With this latch on, and all the 
other cc latches onTcount i 1 9 altftehes on but 
the #8), the next *cc shift' tujns ^EfU the latches, 
stepping the cc to zero. 



Overflow (UCS) 

Overflow may or may not occur: - 

1 . Overflow occurs whenever .the increment value added 
to the position of the character on the chain (112 
throogh 119 for UCS) results in the addressing of a 
character in the next set of characters oh the chain. 
To be addressed correctly, this character must be 
referred to by its correct position on the chain. A 
UCS character set ii repeated twice on a chainv_Each 



For example, assume a UCS with the 7-bit shift 
register containing a value of 1 16 ajid the 4-bit shift 
register incrementing by +8: 



1110100 
0001000 



(116) 
4+8) 



1111100 (124) 



(Adder output causes overflow 
" trigger to be set.) 

The 1 24 causes an overflow condition because the 
highest position addressed in a UCS is 1 19 (0 is the 
first count on the chain). The overflow trigger is 
set, in this case, forcing zeros to be set into the four 
high order positions of the 7-bit shift register: 

1110100 (116) 
0001000 (+8) 



0000100 (4) 



The 4 causes the fourth position of the next set of 
characters on the chain to be addressed. 
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Overflow does not occur if the increment factor 
added to the position of the character on the chain 
(112 through 1 19 for UCS) results in the addressing 
of * character in thepresent character set on the 
chain; To prevent addressing a character in the next 
character set, a decode of 1 12 through 1 19 out ofjhe 
7-bit shift register turns on the 'potential overflow* 
latch. The low order positions of the 4-bit and 7-6it 
shift registers are shifted through the adder. The 
adder output is shifted, bit by bit (clock 1-7), back 
into the 7-bit shift register (any carries from the 
adder are placed in the 'carry' trigger and added 

: during the next shift pulse). At clock 4 time the 8 
trigger -values of the"4-bit and 7-bit shift register 
values are present at the adder input and the result 
of the addition is present at the output of the adder. 
With the 'potential overflow' latch on and no adder • 

j output, the 'overflow' trigger is not gated on*. This 
' allows the updated value to shift into the 7-bit shift 
register from the adder. 



For example, assume a UCS with the 7-bit shift 
register containing a value of 1 k> and the 4-bk^hift. 
registaMncrernenting by 2 (PSS co\iriter and M , 

counter give initialization factor to 4-bit shift register) 



111010C 
000001C 



(116) 

(+2) 



money (118) 



(No adder output causes over- 
"flow trigger not to be set.) 



fie 1 1 8 wilfcnot cause an overflow. The overflow 
trigger will not be set. The true value of the 7-bit 
shift register and the 4-bit shift register will be added 
in the adder and shifted into the 7-bit shift register. 



Circuit Objectives 
Refer to FEMD 4-095. 
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Chapter 5. 



The 5203 printer attachment receives all of its logic, voltages 
from the 5410 CPU. Four voltages are famished by the 
CPU. These are: 

1. -4 Vdc for control logic 

2. +6 Vdc to convert from SLD logic to MST logic. 

3. • Ground. 

4. 7.25 Vac for printer console lights. 

Voltages generated in the printer attachment are: 

1. -1.35 Vdc (reference). 

2. -0.9 Vdc (a plus levej). 
3." -1 .8 Vdo.(a minus jel&fy 
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Chapter 6. Console and Maintenance Features 



This Chapter i« nnTa^liTHrhti^-tfv^Ut-m^p^^ fi f f ffT f^jfrr-^~" 

IBM 541 Central Processing4MitfteWEngineering Theory 
Q^OperatvpnTaaxM^ for the description of keys and 
indicator lights associated with the 5203 printer. 
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Appendix A. Unit Characteristics 



For machine characteristics, refer to the IBM System/ 3 
Installation Manual-Physical Planning. Form A2 1 -9084. 
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